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Summary of State Measures

State regulatory actions under way:

There are several State initiated control measures under consideration by the State of
Tennessee, and the Tennessee Air Pollution Control Board, which may accomplish large
reductions in emissions. These may include proposed state regulatory or administrative
decisions that would mandate or require actions by parties outside of state government.
Some of these recommendations would necessitate changes to rules and regulations
issued by the state Air Pollution Control (APC) Board, and some recommendations
would require legislative revisions to current statutory authority. Other regulatory and
administrative decisions could be made using current statutory authority.

Researchers at the University of Tennessee have evaluated a number of potential control
measures. The control measures identified as the most effective for reducing NOx and
VOC emissions include some of the following: more stringent vehicle inspection and
maintenance programs; controls on point sources that emit more than 50 tons per year of
NOx; statewide options for reducing engine idling and smoking; lower interstate speed
limits; and others. These control measures are discussed in more detail below.

Inspection and maintenance (I&M) for light-duty vehicles

Currently, five Middle Tennessee counties operate a vehicle inspection and maintenance
program for vehicles up to 8,500 GVWR (gross vehicle weight rating), and the city of
Memphis tests vehicles up to 26,000 GVWR. These vehicles must pass emissions testing
prior to vehicle registration renewal. Inspection and maintenance programs provide
significant reductions of NOx and VOC. The current APC rules at Paragraph 1200-3-29-
.03(1) provide the authority to operate an I&M program in any county designated by the
APC Board. Legislative amendments to Tennessee Code Annotated, Section 55-4-30, are
necessary and are underway to provide for registration renewal enforcement of the [&M
testing requirement in the counties designated by the APC Board or for those counties
that choose to implement an I&M program.

Reasonably Available Control Technology (RACT) rule for NOx

The APC Division has proposed a statewide rule that would require reasonably available
control technology to reduce NOx emissions from stationary sources that emit 50 or more
tons per year of NOx. The APC Board will act on this rule and other regulations for the
8-hour ambient ozone control strategy as a package. Ultimately, the board will decide if
the NOx RACT rule should be statewide, limited to the counties within a metropolitan
statistical area (MSA), to EAC counties, or just to those counties designated as
nonattainment for the 8-hour ozone standard.

Reduce engine idling

According to the U.S. Environmental Protection Agency, a typical heavy-duty truck or
bus can burn approximately one gallon of diesel fuel for each hour it idles, thereby
generating significant amounts of pollution, wasting fuel and causing needless engine
wear. Diesel exhaust contributes to ozone formation and haze, and idling trucks and
buses are often an unnecessary source of harmful air pollution.



Idling restrictions would reduce driver and passenger exposure to elevated concentrations
of air pollutants. This is especially important to our children who are exposed daily to
harmful diesel exhaust from school buses. Also, any reductions of NOx and VOC are
beneficial and would improve air quality in the immediate vicinity. This could be
significant in areas with large truck stops where many vehicles idle for extended periods.
Additionally, there would be a fuel savings by not idling for extended periods. The
Board would need to consider exemptions and reasonably available anti-idling
alternatives for circumstances where power sources are needed for heating, cooling and
other important functions.

Anti-tampering and anti-smoking rules for vehicles

The state has had lengthy discussions with EPA on the implementation and merits of an
anti-tampering program in areas of the state where an IM program does not exist. Part of
the problem the Air Pollution Control Agency has had regarding this measure is the air
pollution emission reduction credit that EPA will approve for operating a state anti-
tampering enforcement program. However, the state and the APC Board are concerned
about tampering of emissions control equipment by automobile repair facilities and
dealerships. The currently proposed rule also contains a provision for certification
requirements for vehicles offered for sale, rent or lease. Legislative amendments would
be necessary to address certification requirements for vehicles being sold in Tennessee.

Some local air pollution control programs in Tennessee, such as the Metropolitan
Nashville-Davidson County program, prohibit smoking vehicles. The State has drafted
regulations to prohibit excessive visible emissions from motor vehicles.

Reduce speed limits on rural interstate highways

Researchers at the University of Tennessee-Knoxville have determined that the highest
emissions of NOx from on-road mobile sources occur at high vehicle speeds. This is
especially true for heavy-duty diesel vehicles, which typically contribute about 60 percent
of the NOx emissions on Tennessee interstates. Lowering the speed limit for heavy-duty
diesel trucks to 55 mph on rural interstates could significantly reduce NOx emissions.

Setting speed limits is an administrative function of state government. The APC Board
has no regulatory authority over setting speed limits for automobiles or trucks; however,
the Board recognizes the air quality benefits of such a restriction on truck speeds. As
evidenced by recent actions in the State of Texas, lowering speed limits for air quality
control purposes can result in significant opposition by the general public. It is unlikely
that the state will pursue a lowering of speed limits unless it can be shown that it is the
last viable measure to bring an area into attainment.

Considerations:
e One option is to consider lowering the speed limit on those days where high
ozone levels are forecasted or during ozone season.

e Safety and enforcement concerns have been expressed about having different
speed limits for large trucks than for other vehicles.

e The Tennessee Trucking Association testified before the APC Board that it would
support lowering the speed limit for all vehicles.



e Lower speed limits would probably increase fuel economy and improve safety.

e The costs of lowering the speed limit are difficult to assess; however, there would
be costs to state government for signage and costs to citizens for extra travel time.

Develop a diesel retrofit program

Controlling emissions from heavy-duty diesel engines will achieve significant reductions
in NOx and fine particle pollution. New federal standards for diesel fuel and diesel
engines will have a significant role in reducing emissions from new on-road diesel
engines; however, these new standards will not have an impact on existing heavy-duty
diesel engines. Because diesel engines typically have a useful life of 20 or more years,
additional measures to reduce exhaust emissions from existing on-road and off-road
diesel engines may yield significant pollution reduction benefits.

The state could lead an effort to establish a program to encourage and assist local and
state agencies and private companies to upgrade or retrofit diesel engines that do not meet
2007 federal engine standards. This program should especially target—

School buses

Mass transit buses

Heavy-duty diesel engines in state fleets (on- and off-road)

Heavy-duty diesel engines in local government fleets (on- and off-road)

First priority should be given to those vehicles in designated nonattainment areas and
those vehicles whose emissions may directly affect sensitive populations, such as school
children. In this regard, the state of Tennessee could take a leadership role in assisting
local government efforts to retrofit (or perhaps replace) hundreds of diesel school buses.
Providing cleaner transit protects the health and safety of our children. Likewise, using
cleaner fuels and technologies in mass transit system buses will help improve air quality
in urban areas.

Considerations:

e Although effective at reducing diesel exhaust emissions, retrofit technology is
expensive. For example, current cost estimates for installing diesel particulate filters
vary from $5,000 to $8,000 per unit, depending on a variety of factors (e.g., age and
type of engine).

e Dedicated funding is needed to encourage fleet owners to install retrofit technology.
The State is continuing to look for diesel retrofit funding opportunities, such as grant
programs. Another initiative is an “Adopt-A-School-Bus” program, whereby local
school systems partner with local businesses and other interests to generate private
donations to pay for school bus retrofits or replacements.
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Executive Summary

This report summarizes the methods and results of a photochemical modeling analysis
designed and conducted to support the attainment and maintenance of the 8-hour ozone
standard for five areas in Tennessee (and several adjacent counties in Arkansas, Mississippi,
and Georgia) as part of an Early Action Compact (EAC). The Early Action Compact agreements
(effective December 31, 2002) provide for planning and implementation of voluntary measures
to ensure future attainment/maintenance of the 8-hour ozone standard. Under these compacts,
local, state, and EPA officials agreed to work cooperatively to ensure clean air and a
designation of attainment.

The five areas with active EAC agreements include:

e Memphis EAC area: Shelby, Tipton, and Fayette Counties (Tennessee), Crittenden County
(Arkansas), and DeSoto County (Mississippi).

e Nashville EAC area: Davidson, Rutherford, Sumner, Williamson, Wilson, Cheatham,
Dickson, and Robertson Counties.

e Knoxville EAC area: Anderson, Blount, Knox, Loudon, Sevier, Union, and Jefferson
Counties.

e Chattanooga EAC area: Hamilton, Marion, and Meigs Counties (Tennessee), and Walker
and Catoosa Counties (Georgia).

e Tri-Cities EAC area: Carter, Hawkins, Sullivan, Unicoi, and Washington Counties.

The National Ambient Air Quality Standard (NAAQS) for 8-hour ozone requires the three-year
average of each year’s fourth highest 8-hour ozone concentration (the 8-hour design value) for
each monitoring site in a given area to be less than or equal to 84 parts per billion (ppb). Ozone
concentrations and calculated 8-hour design values for monitors within each of the EAC areas
have in recent years approached or exceeded the 8-hour standard. Specifically, the 2000—2002
and 2001-2003 design values are listed in Table ES-1.

Table ES-1.
Observation-Based 8-Hour Ozone Design Values (ppb) for the EAC Areas:
2000-2002 and 2001-2003

EAC Area 2000-2002 2001-2003
Memphis 94 92
Nashville 88 86
Knoxville 98 92
Chattanooga 93 86
Tri-Cities 92 75

The EAC agreements require that photochemical modeling be used to demonstrate attainment
of the 8-hour ozone NAAQS by 2007 and maintenance of the NAAQS through 2012.
Consequently, a comprehensive modeling analysis and attainment and maintenance
demonstration was conducted to support the EAC modeling effort. The primary objectives of the
modeling analysis are to provide (1) an improved understanding of the ozone
formation/transport mechanisms that influence ozone levels within each EAC region, (2) a
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reliable projection of future-ozone concentrations, and (3) a platform for assessing the
effectiveness of emission-reduction measures on future ozone air quality in the EAC areas. The
modeling study was designed in accordance with draft EPA guidance (EPA, 1999) for using
modeling and other analyses for 8-hour ozone attainment demonstration purposes.

The EAC modeling study utilized the databases and modeling tools developed for the Arkansas-
Mississippi-Tennessee Ozone Study (ATMOS). Numerous enhancements were made to the
overall ATMOS modeling analysis and detailed model input databases to ensure a
comprehensive and technically up-to-date analysis of 8-hour ozone issues for the areas of
interest. These included the addition of two multi-day modeling episodes to complement the
ATMOS modeling episode period and to ensure a sufficient number and range of days for
application of the modeled attainment test procedures, as well as full update of the modeling
emission inventories to include the latest National Emission Inventory (NEI) data (for 1999),
updated state-specific emissions data, and the use of the latest EPA tools for estimating on-
road mobile and non-road emissions.

Overview of the Photochemical Modeling System

The primary modeling tools selected used for this study include: the variable-grid Urban Airshed
Model, Version 1.5 (UAM-V5), a regional- and urban-scale, nested-grid photochemical model;
the Emission Preprocessor System (EPS2.5), for preparation of model ready emission
inventories; the Biogenic Emission Inventory System with high-resolution land-use and crop
data (BEIS-2+), for estimating biogenic emissions; the MOBILEG6.2 model, for estimating motor-
vehicle emissions; and the Pennsylvania State University/National Center for Atmospheric
Research (PSU/NCAR) Mesoscale Model, Version 5 (MMS5), for preparation of the
meteorological inputs. The UAM-V5 modeling system outputs were summarized and displayed
using the UAM-V Postprocessing System (UPS) and the ATMOS ACCESS Database for
Visualizing and Investigating Strategies for Ozone Reduction (ADVISOR). Figure ES-1 provides
an overview of the ATMOS EAC modeling system, including key input data requirements, UAM-
V5 input files, and interactions among the modeling system components.

Figure ES-1.
Schematic Diagram of the ATMOS EAC Photochemical Modeling System
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Modeling Domain

The modeling domain for application of the UAM-V5 modeling system for the ATMOS EAC
modeling analysis is the same as the original ATMOS domain and was designed to
accommodate both regional and subregional influences as well as to provide a detailed
representation of the emissions, meteorological fields, and ozone (and precursor) concentration
patterns over the areas of interest. It consists of an outer grid with 36-km horizontal resolution
that encompasses the southeastern U.S., an intermediate grid with 12-km resolution over the
mid-south, and a 4-km inner grid over Tennessee and portions of Arkansas, Mississippi, and
other neighboring states. The domain is further defined by eleven vertical layers with interfaces
at 50, 100, 200, 350, 500, 750, 1000, 1250, 1750, 2500, and 3500 meters above ground level.
The domain is illustrated in Figure ES-2.

Figure ES-2.
UAM-V Modeling Domain for the ATMOS Study
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Conceptual Model

Developing a conceptual model for 8-hour ozone is an important component of any 8-hour
ozone modeling analysis. The conceptual model sets the stage for understanding the physical
and chemical factors that influence ozone concentrations within the area of interest and that
potentially result in exceedances of the 8-hour ozone standard. The conceptual model also
provides the basis for identifying the type and frequency of occurrence of different types of 8-
hour ozone episodes and thus for the selection of modeling episode periods or key days for
analysis of the modeling results. Finally, the conceptual model serves to provide focus to the
interpretation of the modeling results and the development of effective attainment strategies.

Examination of 8-hour ozone data for the EAC areas for the 1996-2002 analysis period shows
that

o All areas had some exceedance days, and the Memphis, Nashville, and Knoxville area had
90™ percentile values greater than 84 ppb.

e The Knoxville area experienced the greatest number of exceedance days (nearly as many as
Atlanta).

¢ July and August are the peak ozone months for most areas, although Nashville and the Tri-
Cities areas had more exceedance in June than in July.

e The years 1997, 1998 and 1999 were high ozone years for most of the areas; in contrast,
ozone concentrations tended to be lowest for 2001.

o Same-day correlations among the areas of interest suggest that 8-hour ozone concentrations
are subregionally correlated, presumably as the neighboring areas experience similar
meteorological conditions.

Ozone episodes within each of the EAC areas occur under a variety of regional-scale
meteorological conditions and prevailing wind directions. The regional-scale patterns, in turn,
influence the development of local ozone-conducive meteorological conditions.

A more detailed analysis of the observed ozone data and meteorological conditions for each
EAC area allowed us to tailor the conceptual description to each area. Some general key
findings include:

e Yesterday’'s maximum 8-hour ozone value is an important indicator of the 8-hour ozone
concentration. This implies the buildup or recirculation of ozone.

e The surface meteorological parameters indicate a correlation between higher ozone
concentrations and higher temperatures, lower relative humidity, and lower wind speeds.

e The upper-air meteorological parameters indicate that higher 8-hour ozone concentrations
occur with high 850 mb temperatures, stable lapse rates, and lower wind speeds (compared
to lower ozone concentration days).

e The differences in wind speed and wind direction, in particular, highlight that differences in
exceedance meteorological and recirculation conditions can lead to different source-receptor
and transport relationships.

¢ Differences among the exceedance days suggest that the high ozone days comprise a variety
of conditions and that there are multiple pathways to high ozone for each of the areas.
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Episode Selection

Episode selection for the ATMOS EAC modeling/analysis was based on a review of historical
meteorological and air quality data with emphasis on representing typical ozone exceedance
events in the areas of interest. The episode selection was conducted in stages. First, in 2000, a
primary multi-day simulation period was selected for the ATMOS modeling. This period was
selected to optimize the representation of typical 8-hour ozone exceedance conditions and
concentration levels for all of the areas of interest (which, for ATMOS, included all of the EAC
areas with the exception of the Tri-Cities EAC area). A second multi-day simulation period was
added in 2003, to enhance the robustness of the EAC modeling by including additional days
and types of exceedance conditions. This episode was specifically selected to complement the
first ATMOS simulation period in terms of representing different key meteorological conditions
and providing additional exceedance days for certain areas. Finally, a third multi-day simulation
period was added in 2004, as modeling databases from the State of Arkansas became available
for use in the ATMOS study. This third simulation period includes additional exceedance days
for all of the areas of interest and some variation on the exceedance meteorological conditions
for certain of the areas. It provides important additional exceedance days for the Tri-Cities area.

Overall, the primary objective of the episode selection was to identify and assemble suitable
periods for analysis and modeling related to the 8-hour ozone NAAQS for the ATMOS EAC
areas of interest. Important considerations in selecting (and adding to) the episodes include (1)
representing the range of meteorological conditions that accompany ozone exceedances, (2)
representing the ozone concentration levels that characterize the nonattainment problem, and
(3) accounting for the frequency of occurrence of the exceedance meteorological regimes.

The three ATMOS EAC episodes are 29 August—9 September 1999, 16-22 June 2001, and 4—10 July
2002. The three episodes selected for this study each include two start-up days and one clean
out day. The length of each episode was designed to capture the entire high ozone cycle for
each area of interest as influenced by the synoptic and mesoscale meteorological conditions.
The episodes also include both weekdays and weekend days. Area-specific observations are
summarized below. The three modeling episodes include:

e Ten exceedance days that represent two of the three key exceedance meteorological regimes
as well as several other high ozone regimes for Memphis, with a range of 8-hour ozone
exceedance concentrations from 86 to 106 ppb and an average 8-hour ozone exceedance
concentration of 94 ppb.

o Twelve exceedance days that represent four of the five key exceedance meteorological
regimes for Nashville, with a range of 8-hour ozone exceedance concentrations from 85 to
110 ppb and an average 8-hour ozone exceedance concentration of 98 ppb.

¢ Eighteen exceedance days that represent four of the five key exceedance meteorological
regimes as well as several other high ozone regimes for Knoxville, with a range of 8-hour
ozone exceedance concentrations from 86 to 104 ppb and an average 8-hour ozone
exceedance concentration of 95 ppb.

o Eleven exceedance days that represent two of the three key exceedance meteorological
regimes for Chattanooga, with a range of 8-hour ozone exceedance concentrations from 85 to
107 ppb and an average 8-hour ozone exceedance concentration of 93 ppb.

¢ Five exceedance days for the Tri-Cities area with range of 8-hour ozone exceedance
concentrations from 87 to 101 ppb and an average 8-hour ozone exceedance concentration
of 92 ppb.
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Meteorological Modeling

Meteorological inputs were prepared for the ATMOS UAM-V5 application using the Fifth
Generation Pennsylvania State University/National Center for Atmospheric Research
(PSU/NCAR) Mesoscale Model (MM5). Key features of the MM5 modeling system that are
relevant to its use in this study include multiple nested-grid capabilities, incorporation of
observed meteorological data using a four-dimensional data-assimilation technique, and a
detailed treatment of the planetary boundary layer.

MM5 was applied for each simulation period and the results were evaluated using graphical and
statistical analysis. Comparison with the observed data was used to examine the model’s ability
to represent key meteorological features such as the wind speeds as directions and site-specific
temperatures. In summary, the MM5 results for the three modeling episode periods represent
the regional-scale airflow patterns and the temperature and moisture characteristics of the
episodes. Wind speeds (especially under light wind conditions) to tend to be overestimated, and
the MM5-derived vertical mixing profiles, while realistic, do not always agree with observation-
based mixing height estimates.

Emission Inventory Preparation

Base-year, current-year (2001), and future-year (2007 and 2012) emissions were prepared
using the final version of the EPA NEI 1999 emission inventory, state-specific emissions data
and vehicle miles traveled (VMT) estimates, and Bureau of Economic Analysis (BEA) emissions
projection factors. The data were processed using the latest version of the modeling tools
discussed above and listed/outlined in Figure ES-1. Total emissions of oxides of nitrogen (NO,)
and volatile organic compounds (VOC) for each EAC area are displayed and compared for the
current and future years in Figure ES-3.

Figure ES-3a.
Anthropogenic Emissions (tpd) for the Memphis EAC Area
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Figure ES-3b.
Anthropogenic Emissions (tpd) for the Nashville EAC Area
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Figure ES-3c.
Anthropogenic Emissions (tpd) for the Knoxville EAC Area
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Figure ES-3d.
Anthropogenic Emissions (tpd) for the Chattanooga EAC Area
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Figure ES-3e.
Anthropogenic Emissions (tpd) for the Tri-Cities EAC Area
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Model Performance Evaluation

The base-case modeling analysis for each simulation period consisted of an initial simulation, a
series of diagnostic and sensitivity simulations, a final base-case simulation, and graphical and
statistical analysis of each set of modeling results, including comparison with observed air
quality data. We first focused on 1-hour ozone concentration patterns and statistical measures
for the full modeling domain and each subdomain. This provided perspective on regional-scale
model performance and whether the model is able to capture day-to-day variability in the
concentration patterns and values. We then examined the hourly concentrations for each area
and site of interest. It is important that the model capture the hourly variations and 1-hour peaks
in order to reliably represent the 8-hour average values. We then examined the performance of
the model in representing 8-hour ozone concentrations throughout the domain and for each
area and site of interest.

Based on the graphical and statistical analysis, acceptable model performance is achieved for
all three episode periods. Modeling results for all three episode combined are used in the
attainment test to calculate the relative reduction factors and estimated future-year design
values. Table ES-2 summarizes model performance for each site using all three of the
simulations periods and the site-specific unpaired accuracy metric. For the most part, the
metrics fall squarely within the EPA suggested bounds (of + 20 percent) for acceptable
performance. Overall the simulations tend to underestimate ozone within the Knoxville area,
especially for the higher elevation sites located in the Great Smoky Mountains National Park.
For the other areas, there is both some over- and underestimation of the 8-hour ozone values.
These results indicate that the combined use of days provides an excellent basis for application
of the attainment test procedures.
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Table ES-2.
Site-specific Average Accuracy of 8-Hour Peak Ozone Concentration
for Sites in the EAC Areas; All Episodes Combined, Excluding Startup Days

Site Site-specific Average Accuracy Site-spec_ific Ave_ra}g_e Accuracy of_thg 8-H9ur Ozone
Of The 8-Hour Ozone Peak (%) Peak in the Vicinity of the Monitoring Site (%)

Memphis EAC

DeSoto County, MS -1.0 4.0
Edmond Orgill Park, TN -7.9 -4.2
Frayser, TN -6.1 2.1
Marion, AR -4.6 29
Nashville EAC

Cedars of Lebanon State Park 6.6 10.4
Cottontown Wright's Farm, TN -8.8 -3.0
Dickson County, TN -9.3 5.3
East Nashville Health Center, TN 4.1 21.4
Fairview, TN 0.4 49
Percy Priest Dam, TN 2.8 16.2
Rockland Road, TN 7.0 11.8
Rutherford County, TN -8.4 -5.8
Knoxville EAC

Anderson County, TN 2.3 3.0
Cades Cove, TN 8.9 11.9
Clingman’s Dome, TN -14.5 -11.8
Cove Mountain, TN -16.4 -13.2
East Knox, TN -4.6 0.1
Jefferson County, TN -2.6 2.9
Look Rock (1), TN -10.6 5.8
Look Rock (2), TN 211 -16.6
Spring Hill, TN -17.7 -4.7
Chattanooga EAC

Chattanooga VAAP, TN 2.5 6.5
Meigs County, TN -11.0 -39
Sequoyah, TN 2.1 49
Tri-Cities EAC

Kingsport, TN 3.1 13.6
Sullivan County, TN -39 4.3

Future-Year Modeling

The ATMOS EAC future-year modeling exercises include the application of the modeling
system for a current-year (2001) and two future years (2007 and 2012). The use of a “current”
year allowed us to combine the results from the three different episode period in applying the
EPA modeled attainment test procedures, despite the different base years. In addition to the
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current- and future-year baseline simulations, several emissions sensitivity and control-strategy
simulations were conducted for the 2007 future year. The UAM-V Oxidant and Precursor
Tagging Methodology (OPTM) was used to assess the contribution to simulated ozone in the
EAC areas from various source categories and source regions. Several control strategy
simulations were conducted to quantify the effects of specific emission-reduction measures and
packages of measures on the simulated future-year ozone concentrations. The final control-
strategy simulation (AS-4) includes the final EAC attainment strategy measures for each area.

Attainment Demonstration

The procedures outlined in the draft guidance document on using models and other analyses to
demonstrate future attainment of the proposed 8-hour ozone standard (EPA, 1999) were
adapted for the ATMOS modeling domain and simulation periods and applied using the results
from the 2007 attainment strategy simulation.

The attainment demonstration for each EAC area consisted of the modeled attainment test, the
screening test, and additional corroborative analyses. For ATMOS, we offer a variety of weight-
of-evidence analyses that are designed to improve our understanding and interpretation of the
modeled attainment test results, and to explore the effects of the various assumptions that are
employed in the application of the photochemical model and the attainment test procedures.
Our goal here is to make the best possible use of the modeling results and the observed data to
assign a level of confidence to the outcome of the modeled attainment test.

As part of the weight of evidence analysis, we explore the use of a meteorologically adjusted
design value in the application of the attainment test. The design value is an important part of
the modeled attainment test, in which future design values are estimated. For ATMOS, the
modeled attainment test primarily uses, as its basis, the observation-based design value for the
three-year period spanning the current model year. This value is expected to represent the
current period in the same way the modeled simulation periods are expected to represent
typical or frequently occurring meteorological conditions. Thus it is important that the base or
current design value is representative of typical meteorological conditions. Given the form of the
design value metric, however, year-to-year variations in meteorology and especially unusually
persistent meteorological conditions during one or more of the years comprising a design value
cycle can lead to a design value that is not representative of typical conditions.

While the 8-hour ozone design value is formulated in part to accommodate year-to-year
variations in meteorological conditions, recent variations in the design values for the several of
the ATMOS EAC areas have indicated that the metric may not be stable when weather
conditions (either ozone conducive or not) persist over the region for large portions of the ozone
season. In developing “meteorologically adjusted” design values for each area, our objective
was to create a metric similar to the 8-hour design value but less sensitive to yearly
meteorological variation.

Summary Attainment Demonstration for Memphis

The attainment and screening tests and additional corroborative analyses indicate that the
Memphis EAC area will be in attainment of the 8-hour ozone standard by 2007. Good modeling
results and good representation of typical 8-hour ozone conducive meteorological conditions by
the simulation periods provide a sound basis for the application of the model-based tests.
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Three of the four monitoring sites in the Memphis area have future-year estimated design
values for 8-hour ozone that are less than 84 ppb. One site, the Marion site in Crittenden
County, AR, has a future-year estimated design value (EDV) that is greater than the 84 ppb
standard. The 2007 EDV for this site is 88 ppb if the 2000-2002 design value is used, 86 ppb if
the 2001-2003 design value is used, and 84 ppb if a meteorologically adjusted design value is
used. The 2000-2002 design value is the highest recorded in recent years. Based on the values
for the other years as well as the indications from the meteorological adjustment, use of the
2000-2002 design value likely represents a worst case for Memphis for 2007. Thus, the
modeling results together with the corroborative analysis indicate that Memphis will be in
attainment of the 8-hour ozone standard by 2007.

Summary Attainment Demonstration for Nashville

The attainment and screening tests and additional corroborative analyses indicate that the
Nashville EAC area will be in attainment of the 8-hour ozone standard by 2007. Good modeling
results and good representation of typical 8-hour ozone conducive meteorological conditions by
the simulation periods provide a sound basis for the application of the model-based tests.

All of the monitoring sites in the Nashville area have future-year estimated design values for 8-
hour ozone that are less than 84 ppb. The areawide 2007 EDV for this site is 82 ppb if the 2000-
2002 design value is used, 80 ppb if the 2001-2003 design value is used, and 84 ppb if a
meteorologically adjusted design value is used. Use of a meteorologically adjusted DV that is
higher than observed supports a finding of modeled attainment. Thus, the modeling results
together with the corroborative analysis indicate that Nashville will be solidly in attainment of the
8-hour ozone standard by 2007.

Summary Attainment Demonstration for Knoxville

The modeled attainment test indicates that the Knoxville EAC area will likely not achieve
attainment of the 8-hour ozone standard by 2007, unless additional controls to those included in
the AS-4 control measure package are implemented. The modeling and attainment test results
suggest a range in future-year estimated design values from 86 to 91 ppb. The higher value
corresponds to the use of the 2000-2002 design value in the calculations, and the lower value
corresponds to the use of the 2001-2003 DV. Use of a meteorologically adjusted DV is gives an
EDV or 87 ppb. Although the EDV values are relatively high, the values of the simulated ozone
exposure metrics indicate a significant reduction in 8-hour ozone for 2007.

Oxidant tagging results indicate that 8-hour ozone concentrations in the Knoxville area are
influenced by emissions from the Atlanta area as well as other areas outside of the ATMOS fine
grid. Thus, any regional ozone reductions that are not accounted for in the ATMOS modeling
inventory (such as that from EACs being developed for Augusta, Macon, other areas in northern
Georgia, North Carolina, and South Carolina) will help to lower ozone in the Knoxville region.

Summary Attainment Demonstration for Chattanooga

The attainment and screening tests and additional corroborative analyses indicate that the
Chattanooga EAC area will be in attainment of the 8-hour ozone standard by 2007. Good
modeling results and good representation of typical 8-hour ozone conducive meteorological
conditions by the simulation periods provide a sound basis for the application of the model-
based tests.
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Oxidant tagging results indicate that 8-hour ozone concentrations in the Chattanooga area are
influenced by emissions from the Atlanta area as well as other areas outside of the ATMOS fine
grid. Thus, any regional ozone reductions that are not accounted for in the ATMOS modeling
inventory (such as that from EACs being developed for Augusta, Macon, and other areas in
northern Georgia, North Carolina, and South Carolina) will contribute positively to lower ozone
in the Chattanooga region.

All three of the monitoring sites in the Chattanooga area have future-year estimated design
values for 8-hour ozone that are less than or equal to 85 ppb if the 2000-2002 design value is
used and less than or equal to 81 ppb if the 2001-2003 design value is used. Analysis of the
effects of meteorology on the design value provides an estimate of a meteorologically adjusted
design value for both 2000-2002 and 2001-2003 that is equal to 86 ppb. Use of a
meteorologically adjusted DV of 86 ppb is consistent with the outcome of the attainment test
based on the use of the 2001-2003 DV and gives an EDV of 79 ppb. Meteorologically adjusted
trends indicate a value of 83 ppb, assuming that the emissions changes between 2003 and
2007 will be, on average, the same as that for 1996-2003.

Summary Attainment Demonstration for the Tri-Cities Area

The attainment and screening tests and additional corroborative analyses indicate that the Tri-
Cities EAC area will be in attainment of the 8-hour ozone standard by 2007. Both of the
monitoring sites in the Tri-Cities area have future-year estimated design values for 8-hour ozone
that are less than or equal to 84 ppb. The areawide 2007 EDV is 84 ppb if the 2000-2002 design
value is used, 80 ppb if the 2001-2003 design value is used, and 82 ppb if a meteorologically
adjusted design value is used.

Maintenance Demonstration

One of the requirements of the EAC is to evaluation maintenance of the 8-hour NAAQS for
2012, five years beyond the attainment date of 2007. As part of this modeling study, a 2012
baseline emission inventory was prepared and 2012 baseline simulations were conducted. The
results for 2012 show substantial additional reductions in all of the ozone metrics considered,
compared to 2007. The modeling results indicate that, despite the expected growth in
population between 2007 and 2012, the expected emission reductions (reflecting local EAC and
national measures) provide for further improvement in ozone air quality and maintenance of the
8-hour standard in all of these areas.
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1. Introduction

This document summarizes the results of an Early Action Compact (EAC) 8-hour ozone
attainment demonstration modeling analysis conducted for the States of Arkansas, Tennessee,
and Mississippi. The EAC modeling exercise leveraged off the accomplishments of the ongoing
Arkansas-Tennessee-Mississippi Ozone Study (ATMOS) modeling analysis, which began in April
1999 and was originally designed to provide technical information relevant to attainment of an 8-
hour National Ambient Air Quality Standard (NAAQS) for ozone primarily in the Memphis,
Nashville, and Knoxville areas. In addition, the ATMOS analysis was also to provide information
for addressing emerging 8-hour ozone issues in the Hamilton County (Chattanooga), Tennessee;
Lee County (Tupelo), Mississippi; and Little Rock, Arkansas areas. This report summarizes the
methods, approaches, and results of base-case and future-year modeling conducted to support
the evaluation of emission-reduction measures that have been identified by each of the states as
being effective in demonstrating attainment of the 8-hour standard in 2007.

Background and Objectives

On December 31, 2002, the State of Tennessee entered into Early Action Compact agreements
with EPA for eight areas within the state. The EAC areas include 30 counties within Tennessee,
2 adjacent counties in Georgia, and 1 adjacent county each in Arkansas and Mississippi, as well
as 7 municipalities. The States of Arkansas and Mississippi also entered into an EAC
agreement for the two counties adjacent to the Memphis area. Representatives from each of
these jurisdictions signed the EAC. The EAC areas originally included the following counties:

e Nashville EAC Area: Davidson, Rutherford, Sumner, Williamson, Wilson, Cheatham,
Dickson, and Robertson Counties.

e Knoxville EAC Area: Anderson, Blount, Knox, Loudon, Sevier, Union, and Jefferson
Counties.

e Chattanooga EAC Area: Hamilton, Marion and Meigs, counties (Tennessee), and Walker
and Catoosa Counties, (Georgia).

o Memphis EAC Area: Shelby, Tipton, and Fayette Counties (Tennessee); Crittenden County
(Arkansas); De Soto County (Mississippi).

e Tri-Cities EAC Area: Carter, Hawkins, Johnson, Sullivan, Unicoi, and Washington Counties.
e Haywood County.

e Lawrence County (Florence, AL MSA).

e Putnam County.

A map of the EAC areas, including the 2000-2002 design values for each area, is provided in
Figure 1-1. The 8-hour ozone design value for a given monitoring site is defined as the three-
year average of the fourth highest 8-hour ozone concentration at that site. The design value for
a given area is the maximum of the site-specific design values over all sites in the area. The 8-

hour National Ambient Air Quality Standard (NAAQS) for ozone requires the design value for an
area to be less than or equal to 84 parts per billion (ppb).
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Figure 1-1.
Tennessee EAC Areas with 2000—2002 Maximum 8-Hour Design Values

Nashville EAC Area: 88 ppb Putnam Co.: 88 ppb

Tri-Cities EAC Area: 92 ppb
|

Memphis
EAC Area:
94 ppb

Knoxville EAC Area:
98 ppb

[ Site of 20002002 8-hr DV |

\
Haywood Co.: 86 ppb
Lawrence Co.: 78 ppb
Chattanooga EAC Area: 93 ppb

The ATMOS EAC modeling analysis was designed to provide technical information related to 8-
hour ozone issues in the EAC areas. The EAC process provided an opportunity for these areas
to conduct photochemical modeling to support decisions regarding control measures that could
be adopted earlier than would be required by EPA, once the areas are formally designated
nonattainment in 2004 under the new 8-hour NAAQS for ozone. Based on data for 1996-2003,
the calculated design values for the areas listed above are given in Table 1-1. Based on the
most recent design values as well as other considerations, Haywood, Lawrence, Johnson, and
Putnam Counties opted out of the EAC process.

Table 1-1.
Maximum 8-Hour Ozone “Design Values”
for the ATMOS EAC Areas for the Period 1996-2003.

Maximum 8-hour Ozone Design Values (ppb)

1996-1998 1997-1999 1998-2000 1999-2001 2000-2002 2001-2003
Memphis EAC Area 93 95 97 93 94 92
Nashville EAC Area 101 102 100 93 88 86
Knoxville EAC Area 100 104 104 98 98 92
Chattanooga EAC Area 93 94 97 92 93 87
Tri-Cities EAC Area 90 91 94 90 92 86
Haywood County 85 98 93 89 86 81
Lawrence County 84 88 89 83 78 7
Putnam County 87 88 91 87 86 82

The primary objective of this study was to provide the modeling/analysis results needed to
support an attainment demonstration for each of the remaining EAC areas. As such, the study
was designed in accordance with draft EPA guidance (EPA, 1999a) for using modeling and
other analyses for 8-hour ozone attainment demonstration purposes. Note that while the
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guidance is currently in draft form, the final version is not expected to be substantively different
from the draft.

The ATMOS EAC modeling analysis components included a comprehensive episode selection
analysis (identifying suitable periods for modeling), application and evaluation of a
photochemical modeling system for three simulation periods, projection of emissions and ozone
concentrations for two future years, and evaluation of ozone attainment strategies. The existing
ATMOS committee structure (Technical, Operations, and Policy) was used throughout this study
to support the technical work and as a means of communicating with all participants. All
technical tasks were conducted in accordance with the draft EPA guidance and interim results
of the analysis were presented in multiple meetings of the ATMOS Technical Committee and
disseminated through the ATMOS web site (http://www.atmos.saintl.com).

Overview of the Modeling System Used for This Study

The ATMOS EAC modeling analysis utilized much of what was established for the original
ATMOS analysis in terms of modeling tools and modeling domain specifications. The primary
modeling tools selected for use in this study include: the variable-grid Urban Airshed Model
(UAM-V) Version 1.5, a regional- and urban-scale, nested-grid photochemical model; the
Emission Preprocessor System (EPS2.5), for preparation of model-ready emission inventories;
the Biogenic Emission Inventory System with high-resolution land-use and crop data (BEIS-2+),
for estimating biogenic emissions; the MOBILE6 model, for estimating motor-vehicle emissions;
EPA’'s NONROAD2002a model, which calculates non-road emissions; and the Pennsylvania
State University/National Center for Atmospheric Research (PSU/NCAR) Mesoscale Model,
Version 5 (MM5), for preparation of the meteorological inputs. The UAM-V modeling system
outputs were summarized and displayed using the UAM-V Postprocessing System (UPS) and
the ATMOS ACCESS Database for Visualizing and Investigating Strategies for Ozone
Reduction (ADVISOR). Figure 1-2 provides an overview of the ATMOS EAC modeling system,
including key input data requirements, UAM-V input files, and interactions among the modeling
system components.
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Figure 1-2.
Schematic Diagram of the ATMOS EAC Photochemical Modeling System
* Met logical Input
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Overview of the UAM-V Modeling System

The variable-grid Urban Airshed Model (UAM-V) is a three-dimensional photochemical grid model
that calculates concentrations of pollutants by simulating the physical and chemical processes in
the atmosphere. The basis for the UAM-V is the atmospheric diffusion or species continuity
equation. This equation represents a mass balance that includes all of the relevant emissions,
transport, diffusion, chemical reactions, and removal processes in mathematical terms.

The major factors that affect photochemical air quality include:

e The pattern of emissions of oxides of nitrogen (NO,) and volatile organic compounds (VOC),
both natural and anthropogenic.

o Composition of the emitted VOC and NO,

e Spatial and temporal variations in the wind fields.

e Dynamics of the boundary layer, including stability and the level of mixing.
e Chemical reactions involving VOC, NO,, and other important species.

e Diurnal variations of solar insolation and temperature.

e Loss of ozone and ozone precursors by dry and wet deposition.

o Ambient background of VOC, NO,, and other species in, immediately upwind of, and above
the study region.
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The UAM-V simulates all of these processes. The species continuity equation is solved using
the following fractional steps: emissions are injected; horizontal advection/diffusion are solved;
vertical advection/diffusion and deposition are solved; and chemical transformations are
performed for reactive pollutants. The UAM-V performs these four calculations during each time
step. The maximum time step is a function of the grid size, maximum wind velocity, and
diffusion coefficient. The typical time step is 10—15 minutes for coarse (10-20 km) grids and a
few minutes for fine (1-2 km) grids.

Because it accounts for spatial and temporal variations as well as differences in the reactivity of
emissions, the UAM-V is ideal for evaluating the air-quality effects of emission control scenarios.
This is achieved by first replicating a historical ozone episode to establish a base-case simulation.
Model inputs are prepared from observed meteorological, emissions, and air quality data for the
episode days using dynamic meteorological modeling and/or diagnostic and interpolative
techniques. The model is then applied with these inputs, and the results are evaluated to assess
model performance. Once the model results have been evaluated and determined to perform
within prescribed levels, the same base-case meteorological inputs are combined with modified or
projected emission inventories to simulate possible alternative/future emission scenarios.

The UAM-V modeling system (Version 1.5) incorporates the latest version of the Carbon-Bond
chemical mechanism, known as Carbon Bond 5 (CB-V), with enhanced isoprene chemistry
(SAl, 2002). Features of the UAM-V modeling system include:

e Variable vertical grid structure: The structure of vertical layers can be arbitrarily defined.
This allows for higher resolution near the surface and facilitates matching with output from
prognostic meteorological models.

e Three-dimensional meteorological inputs: The meteorological inputs for UAM-V vary
spatially and temporally. These are usually calculated using a prognostic meteorological
model.

e Variable grid resolution for chemical kinetic calculations: A chemical aggregation
scheme can be employed, allowing chemistry calculations to be performed on a variable grid
while advection/diffusion and emissions injections are performed on a fixed grid.

e Two-way nested grid: Finer grids can be imbedded in coarser grids for more detailed
representation of advection/diffusion, chemistry, and emissions. Several levels of nesting can
be accommodated.

o Updated chemical mechanism: The original Carbon Bond IV chemical mechanism has
been updated to include many additional reactions. The updated chemical mechanism
(CB-V) also supports the enhanced treatment of isoprene and hydrocarbon species.

e Dry deposition algorithm: The dry deposition algorithm is similar to that used by the
Regional Acid Deposition Model (RADM).

¢ True mass balance: Concentrations are advected and diffused in the model using units of
mass per unit volume rather than parts per million. This maintains true mass balance in the
advection and diffusion calculations.

e Plume-in-grid treatment: Emissions from point sources can be treated by a subgrid-scale
Lagrangian photochemical plume model. Pollutant mass is released from the subgrid-scale
model to the grid model when the plume size is commensurate with grid cell size.
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e Plume rise algorithm: The plume rise algorithm is based on the plume rise treatment for a
Gaussian dispersion model.

e OPTM method for ozone apportionment estimates: The Ozone and Precursor Tagging
Methodology (OPTM) approach allows the user to estimate contributions to ozone formation
from various source categories or regions. The method tags oxidant formed during the
chemistry step and attributes it to the NO, and VOC participating in the chemistry during that
step. At the end of a run the user can analyze the results based on the accumulated effects
to help determine the most effective control strategies for ozone reduction.

Modeling Grid Specification

The modeling domain for application of the UAM-V for the ATMOS EAC analysis was designed
to accommodate both regional and subregional influences as well as to provide a detailed
representation of the emissions, meteorological fields, and ozone (and precursor) concentration
patterns over the area of interest. The modeling domain used in the EAC modeling analysis is
the same as what has been used for the original ATMOS modeling. The UAM-V modeling
domain is presented in Figure 1-3 and includes a 36-km resolution outer grid encompassing the
southeastern U.S; a 12-km resolution intermediate grid; and a 4-km resolution inner grid
encompassing Tennessee and portions of Mississippi, Arkansas, and other neighboring states.

The regional extent of the modeling domain is intended to provide realistic boundary conditions
for the primary areas of interest and thus avoid some of the uncertainty introduced in the
modeling results through the incomplete and sometimes arbitrary specification of boundary
conditions. The use of 4-km grid resolution over the primary area of interest is consistent with an
urban-scale analysis of each of the areas of interest.

The UAM-V domain is further defined by eleven vertical layers with layer interfaces at 50, 100,
200, 350, 500, 750, 1000, 1250, 1750, 2500, and 3500 meters (m) above ground level (agl).

The modeling domain for application of MM5 is shown in Figure 1-4. This domain is much larger
than that for UAM-V, in order to enable the simulation of any important synoptic scale features
and their influence on the regional meteorology. The modeling domain consists of an extended
outer grid with approximately 108-km horizontal resolution and three inner (nested) grids with
approximately 36, 12, and 4-km resolution. The horizontal resolution was specified to match that
for UAM-V. A one-way nesting procedure and 22 vertical levels were employed. The vertical
grid is defined using the MM5 sigma-based vertical coordinate system. The layer thickness
increases with height such that high resolution is achieved within the planetary boundary layer.
The vertical layer heights for application of MM5 are listed in Table 1-2.
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Figure 1-3.
UAM-V Modeling Domain for the ATMOS Study
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Figure 1-4.
MM5 Modeling Domain for the ATMOS Application
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Table 1-2.
MMS5 Vertical Levels for the ATMOS Application
Level Sigma Average Height

(m)

1 0.996 30

2 0.988 80

3 0.982 125

4 0.972 215

5 0.960 305

6 0.944 430

7 0.928 560

8 0.910 700

9 0.890 865
10 0.860 1115
11 0.830 1370
12 0.790 1720
13 0.745 2130
14 0.690 2660
15 0.620 3375
16 0.540 4260
17 0.460 5240
18 0.380 6225
19 0.300 7585
20 0.220 9035
21 0.140 10790
22 0.050 13355
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Conceptual Description for 8-Hour Ozone for the ATMOS
EAC Areas

Developing a conceptual model for 8-hour ozone is an important component of any 8-hour
ozone modeling analysis. The conceptual model sets the stage for understanding the physical
and chemical factors that influence ozone concentrations within the area of interest and that
potentially result in exceedances of the 8-hour ozone standard, and for subsequently
determining the extent to which secondary (upwind or downwind) areas need to be
encompassed within the modeling domain and included in the assessment of the results with
respect to ozone and precursor transport. The conceptual model also provides the basis for
identifying the type and frequency of occurrence of different types of 8-hour ozone episodes and
thus for the selection of modeling episode periods or key days for analysis of the modeling
results. Finally, the conceptual model serves to provide focus to the interpretation of the
modeling results and the development of effective attainment strategies.

In this section of the technical support document, we rely on observed air quality and emissions
data to describe and characterize 8-hour ozone issues in the ATMOS EAC areas. We begin
with a brief overview of the basics of ozone formation.

Overview of Ozone Chemistry

Ozone is a secondary pollutant that is not directly emitted into the atmosphere but instead is
formed in the lower atmosphere by a series of reactions involving ultra violet (UV) radiation and
precursor emissions of nitrogen oxides (NO,) and volatile organic compounds (VOC). NO,
consists of nitric oxide (NO) and nitrogen dioxide (NO,), which are primarily emitted from
anthropogenic sources. VOC consist of thousands of individual hydrocarbon and oxygenated
hydrocarbon species emitted from both man-made and biogenic sources. Ozone formation near
the earth’s surface is affected by local weather conditions: winds, temperature, solar radiation,
and horizontal and vertical dispersion characteristics, which influence precursor concentrations,
reaction rates, formation, transport, and deposition.

On a typical summer day in the troposphere, UV radiation breaks the NO, molecule into NO and
O (the oxygen atom). The oxygen atom then reacts with atmospheric oxygen (O,) to form ozone
(Os). In another reaction, NO also reacts with ozone, destroying it and regenerating NO, and O.,.
The role of VOC is a bit more complicated. Reactions involving VOC permit ozone to
accumulate to higher concentrations by regenerating NO, from NO through free-radical
reactions that do not destroy ozone, thus suppressing the destruction of ozone by NO. In the
absence of VOC, ozone reaches a low steady-state concentration. Because the primary ozone-
forming reaction is photochemically driven (i.e., by the sun), ozone concentrations typically peak
during the daylight hours and then decrease after sunset.

In photochemical modeling, we are most interested in how changes in the emissions of NO, and
VOC affect the resultant ozone concentrations. In this case, it is NO, that is more complicated.
The chemical reactions tell us that reducing VOC emissions will always lead to slower rates of
ozone formation and lower ambient ozone concentrations. Since NO, emissions are needed to
initiate ozone formation, reducing NO, emissions will also tend to slow the rate of ozone
formation. In some circumstances, however, reducing NO, emissions will accelerate ozone
formation (increase ozone concentrations) by limiting the rate of ozone destruction. When NO
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emissions are reduced such that the VOC to NO, ratio exceeds about 5.5:1, free radicals react
primarily with VOC, breaking them down in a combustion-like process that accelerates ozone
formation. This is most likely to occur during the nighttime hours and in areas where the ratio of
VOC to NO, concentrations is relatively low.

Regional-Scale Ozone Concentrations and Patterns

To aid our understanding of the regional-scale ozone concentration patterns for the ATMOS
EAC areas and surrounding areas, we examined 8-hour ozone concentrations throughout the
region, and specifically for the key areas of interest and other major metropolitan areas within
the high-resolution ATMOS modeling subdomain (Grid 3). Please note that the Great Smoky
Mountains National Park is a part of the Knoxville EAC area and is considered as such in this
analysis. In keeping with the episode selection analysis, we specifically examined the period
1996-2002. This seven-year period was selected to optimize data availability for a consistent set
of monitoring sites, to capture the range of meteorological conditions associated with ozone
exceedances in the areas, and to limit the influence of emissions changes on the analysis and
interpretation of results.

Table 1-3 presents some basic metrics calculated from the daily maximum 8-hour ozone value
over all sites for each area. Eight-hour NAAQS exceedance days are fairly common for all sites,
comprising at least 10 percent of the days for Memphis, Nashville, Knoxville, and Atlanta, with
the worst 8-hour ozone—in terms of frequency and severity—at Knoxville and Atlanta.
Chattanooga and the Tri-Cities area have lower 8-hour ozone but still see a significant number
of exceedance days.

Table 1-3.
8-Hour Ozone Metrics for Areas of Interest, from 1996 to 2002, April to October Inclusive®

Average annual maximum values and percentiles are in ppb.

1996-2002 Memphis Nashville Knoxville ~ Chattanooga  Tri-Cities Atlanta Birmingham
Data availability 100% 100% 100% 98% 98% 86% 85%
Avg. annual max. 112.99 109.87 113.94 106.36 101.54 128.04 114.27
Exceedance days 150 162 278 94 65 281 113
90™ percentile 85.0 85.9 92.3 80.3 784 98.8 83.3
50% percentile 60.1 61.5 69.9 56.6 55.9 65.5 56.6
10 percentile 371 38.5 52.0 33.0 35.6 40.5 35.1

Figure 1-5 shows the frequency of exceedances for each month, averaged over available years.
For all areas, the peak ozone season occurs in the mid summer, with a peak in the number of
exceedance days around August.

Individual years can be compared in Figure 1-6, which shows the changing value for the 90"
percentile of each year’s daily maximum 8-hour ozone values. Here again the pattern is fairly

1 Although March is now considered an ozone-season month, it was not included in our analysis.
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consistent for all sites, with high ozone occurring in 1998 and 1999, and relatively low levels in
2001.

Figure 1-5.
Number of 8-Hour Exceedance Days per Month, Averaged over Years 1996 to 2002

Monthly 8-hour NAAQS Exceedance Profile: 1996 - 2002 Avg.
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Figure 1-6.
Each Year’s Ninetieth Percentile Value for Daily Maximum 8-Hour Ozone Values
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To examine the regional-scale nature of high ozone, we also looked for correlations between
the observed values for each area listed in Table 1-3 above. For this analysis, the correlation
(R) is defined as the sample covariance between two datasets divided by the product of the
standard deviations for each dataset, which is equivalent to:

R=((XxY)- X))/ x - xF JoXv? (X))

where the two datasets X and Y each have n data points.

R-squared is simply the square of the correlation; a value over 0.70 may be considered
significant. Table 1-4 shows R-squared values for same-day 8-hour maximum ozone values, for
every area combination, using all days with data for each area in the pair. It is apparent from the
table that the R-squared values reflect and quantify the neighbor-to-neighbor correlations one
might expect. For these correlations, between 1250 and 1500 data points are available for each

pairing.
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Table 1-4.
R-Squared Values for 8-Hour Ozone Daily Maximums for Areas of Interest, 1996-2002.

Shaded values are between different sites with their squared correlation greater than 0.50.

R-squared value Memphis Nashville Knoxville ~ Chattanooga  Tri-Cities Atlanta Birmingham
Memphis 1.00 0.63 0.39 0.43 0.25 0.30 0.42
Nashville 1.00 0.64 0.66 0.47 0.47 0.49
Knoxville 1.00 0.68 0.67 0.59 0.44
Chattanooga 1.00 0.61 0.59 0.53
Tri-Cities 1.00 0.40 0.27
Atlanta 1.00 0.64
Birmingham 1.00

Moderate correlation appears between nearby areas, perhaps reflecting similar meteorological
conditions. We also examined correlations with a one-day lag between the areas; only one of
these gave R-squared values greater than 0.50: Knoxville and yesterday’s Nashville have an R-
squared value of 0.54. For Chattanooga, the correlation between the area 8-hour maximum and
Chattanooga’s own previous-day value was similar to the correlation between that area and
previous-day Memphis or Nashville (all R-squared values between 0.42 and 0.44); the same is
true for Tri-Cities related to its own previous-day value, Nashville, and Knoxville (R-squared
values between 0.40 to 0.42). Nashville 8-hour ozone is correlated to its own previous-day
ozone slightly more than to the previous-day ozone in Memphis (R-squared values of 0.48 and
0.45, respectively). For Memphis, the correlation to its own previous-day value is significantly
greater than to any other site’s previous day value. However, none of these correlations are
very dramatic, the highest being between Knoxville and its own previous-day value, with R-
squared of 0.57.

These results suggest that same-day 8-hour ozone concentrations are somewhat subregionally
correlated, presumably as the neighboring areas experience similar meteorological conditions.
Within the context of the correlations, there is also the possibility that ozone from one area
affects ozone concentrations in one or more neighboring areas, in particular, transport from
west Tennessee to Chattanooga and the Tri-Cities area, or between Atlanta and Birmingham
and Tennessee.

ATMOS EAC Area Ozone Concentrations and Patterns

We also examine the 8-hour ozone characteristics of the individual AIRS sites of each EAC
area. This provides some insight into the site-specific concentration characteristics and allows
us to highlight the key high ozone sites as well as the extent of high ozone across each area.

Site-Specific 8-Hour Ozone Concentration Characteristics

Table 1-5a through 1-5e give the same overview as Table 1-3, except here the daily 8-hour
ozone maximums are for individual sites instead of for areas.

SAI/ICF Consulting 1-14 Early Action Compact Modeling Analysis
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Table 1-5a.
8-Hour Ozone Metrics for Sites in the Memphis EAC area, from April to October, 1996 to 2002

Average annual maximum values and percentiles are in ppb.

1996-2002 Edmond Orgill Park Frayser Blvd. Marion, AR DeSoto County, MS

Data availability 99% 99% 97% 95%
Avg. annual max. 100.2 108.3 101.2 102.7
Exceedance days 80 53 55 43

90t percentile 78.9 75.4 76.4 744
50t percentile 57.8 51.9 54.6 53.6
10t percentile 36.1 305 33.8 32,6

Table 1-5b.

8-Hour Ozone Metrics for Sites in the Nashville EAC area, from April to October, 1996 to 2002

Average annual maximum values and percentiles are in ppb.

1996-2002 E. Nashville — Percy Priest Rutherford Co. Rockland Rd Cottontown Fairview Legaer?grrwssc;;te

Health Center Dam ' " Wright's Farm Park

Data availability 99% 98% 94% 96% 96% 96% 96%

Avg. annual max. 90.6 98.7 95.1 106.3 98.27 98.46 100.14

Exceedance days 23 40 37 106 39 65 44

90" percentile 67.4 72.9 74.1 81.0 72.8 779 76.6

50t percentile 44.4 51.4 53.9 56.5 52.8 57.4 54.5

10t percentile 241 29.4 347 334 321 36.9 33.0

Table 1-5c.

8-Hour Ozone Metrics for Sites in the Knoxville EAC area, from April to October, 1996 to 2002

Average annual maximum values and percentiles are in ppb.

1996-2002 East_ Spr_ing Jefferson  Anderson Cove_ Clingman’s Cades Look
Knoxville Hill Co. Co. Mountain Dome Cove Rock
Data availability 99% 100% 95% 94% 94% 81% 94% 80%
Avg. annual max. 110.39 110.13 107.7 96.7 103.21 104.24 89.6 88.6
Exceedance days 120 124 122 65 158 135 16 108
90t percentile 82.5 834 83.1 79.1 86.3 86.3 72.2 83.7
50t percentile 58.1 56.9 58.6 56.3 65.8 67.6 53.1 62.0
10" percentile 35.1 324 37.3 34.4 48.4 518 34.1 43.6
SAI/ICF Consulting 1-15 Early Action Compact Modeling Analysis
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Table 1-5d.
8-Hour Ozone Metrics for Sites in the Chattanooga EAC area, from April to October, 1996 to 2002

Average annual maximum values and percentiles are in ppb.

1996-2002 Chattanooga - VAAP Sequoyah
Data availability 90% 97%
Avg. annual max. 1034 105.3
Exceedance days 70 72
90™ percentile 79.0 775
50t percentile 55.8 53.9
10t percentile 31.6 319

Table 1-5e.

8-Hour Ozone Metrics for Sites in the Tri-Cities EAC area, from April to October, 1996 to 2002

Average annual maximum values and percentiles are in ppb.

1996-2002 Kingsport Blountville
Data availability 97% 96%
Avg. annual max. 100.3 97.9
Exceedance days 63 43
90t percentile 77.4 75.5
50t percentile 54.9 54.1
10% percentile 34.3 32.6

The indicators of high ozone don’t favor one site in the Memphis area during the entire period.
The Edmund Orgill Park site has the most number of exceedances during the analysis period,
while the Frayser site has the highest average of the annual maximum values. In recent years,
however, the Marion site has experienced a greater number of exceedance days than either site
in Shelby Co. and the higher values have also shifted to this site. Consequently, the Marion site
currently has the highest design value for the Memphis area.

For the most part, a single site (Rockland Rd.) drives 8-hour ozone exceedances in the
Nashville area. Several Knoxville sites see 10 percent of days at exceedance or near-
exceedance 8-hour ozone levels: East Knoxville, Spring Hill, Jefferson County, Cove Mountain,
Clingman’s Dome, and Look Rock. For Chattanooga, both sites experience high ozone about
equally; in the Tri-Cities area the Kingsport site tends to slightly higher 8-hour ozone and more
exceedances than Blountville.

Diurnal Patterns

The diurnal ozone concentration patterns vary among the sites within each region, depending
upon the site location relative to the emissions sources and various meteorological influences.
Composite diurnal profiles for selected key sites for each area for exceedance days only are
presented in Figures 1-7a through 1-7e.
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Because the Memphis area incorporates portions of three states, we show the average diurnal
profiles for three sites—one from each state—in Figure 1-7a. The Frayser site located in Shelby
Co., TN is characterized by a classic or typical diurnal profile with the peak ozone concentration
in the early to mid afternoon. Concentrations during the nighttime hours are low, as ozone is
titrated by NO emissions with the area. Ozone concentrations at the Marion and DeSoto County
sites tend to peak later in the day, late afternoon to early evening. This indicates that ozone
formed elsewhere in the domain (during the time of peak solar insolation) is transported to these
sites and contributes to the maximum 1-hour and 8-hour ozone concentrations.

For the Nashville area (Figure 1-7b), the Rockland Road monitor consistently reports the
highest values. It is characterized by a typical diurnal profile with a peak value during the middle
of the day. This suggests that most of the ozone observed at this site is formed locally.

The Knoxville EAC area incorporates two distinct regions — the greater Knoxville area and the
Great Smoky Mountains (GSM) National Park. In Figure 1-7c, average diurnal profiles for the
Spring Hill monitor characterize the more urbanized area while those for Clingman’s Dome are
representative of the GSM area. The average exceedance-day diurnal profile for Spring Hill
shows a mid-day peak. The elevated GSM sites (with elevations on the order of 600 to 1000 m)
show very flat diurnal profiles, as illustrated by the profile for the Clingman’s Dome site. The lack
of variation throughout the day and specifically the lack of a distinct daytime peak indicate that
ozone is transported into this area throughout the day (and not specifically formed during the
daytime hours). Without local emission sources, titration of ozone during the nighttime hours
also does not occur. The high 8-hour average ozone concentrations are due to the sustained
relatively high ozone values rather than a combination of high and moderate values (as is the
case for most urban sites).

For the Chattanooga and Tri-Cities areas (Figures 1-7d and 1-7e, respectively), the monitors
are characterized by a typical diurnal profile with a peak value during the middle of the day.

Figure 1-7a.
Diurnal Ozone Profile Averaged Over All Exceedance Days: Memphis EAC Area.
Memphis Diurnal Profile, 8-hour Exceedance Days (Averaged)
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Figure 1-7b.
Diurnal Ozone Profile Averaged Over All Exceedance Days: Nashville EAC Area.

Nashville Diurnal Profile, 8-hour Exceedance Days (Averaged)
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Figure 1-7c.
Diurnal Ozone Profile Averaged Over All Exceedance Days: Knoxville EAC Area.
Knoxville Diurnal Profile, 8-hour Exceedance Days (Averaged)
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Figure 1-7d.
Diurnal Ozone Profile Averaged Over All Exceedance Days: Chattanooga EAC Area.

Chattanooga Diurnal Profile, 8-hour Exceedance Days (Averaged)
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Figure 1-7e.
Diurnal Ozone Profile Averaged Over All Exceedance Days: Tri-Cities EAC Area.
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Meteorological Characteristics of Ozone Episodes

Overview of Meteorological Factors Influencing Ozone

Ozone episodes for many areas in the U.S. are often characterized relative to regional-scale
meteorological high- and low-pressure patterns and specifically to the presence of a surface-
based high-pressure system (an area over which the atmospheric pressure is relatively higher
than the surrounding areas). The location of the high-pressure system relative to the area of
interest determines the prevailing wind and dispersion conditions and thus the source-receptor
relationships that characterize an ozone episode, whereas the persistence and strength of the
system influence/determine episode severity. A textbook depiction of an ozone episode places
the high-pressure system over an urban area. This results in suppressed vertical mixing of
emissions/pollutants, low wind speeds or stagnation, low humidity, high temperatures, clear
skies, and strong solar insolation. These are the typical ingredients of an ozone episode.

The “recipe” for high ozone concentrations varies throughout the U.S. according to geographical
characteristics, local and regional emissions characteristics, and the location of each area
relative to other areas in combination with pollutant-transport-conducive meteorological
conditions. The complexity of any conceptual model for ozone formation increases with each of
these factors.

Ozone episodes within each of the EAC areas occur under a variety of regional-scale
meteorological conditions and prevailing wind directions. The regional-scale patterns, in turn,
influence the development of local ozone-conducive meteorological conditions. We explore both
of these, in turn, in the remainder of this section.

Analysis of Exceedance and Non-Exceedance Regional Wind Patterns

Plots comparing the frequency of wind directions and speeds for all ozone season days (April
through October) and 8-hour ozone exceedance days in each of the EAC areas of interest for
the period 1996-2002 are presented in Figures 1-8 through 1-12. The wind information in these
plots is for the Nashville upper-air monitoring site. Because Nashville is centrally located within
the region of interest, these data are used here to represent the regional-scale winds. In these
diagrams, wind direction is defined as the direction from which the wind is blowing. The length
of the bar within that wind-direction sector indicates the frequency of occurrence of a particular
wind direction. The shading indicates the distribution of wind speeds.

Upper-air winds for the 850 mb level (approximately 1500 m above ground) are available twice
per day, at approximately 0600 and 1800 LST. Distinguishing features in the wind plots (also
called wind rose diagrams) for the ozone exceedance days, when contrasted to those for all
ozone-season days, may help to define the wind and/or transport patterns leading to high
ozone. The wind distributions for the ozone season are presented in Figure 1-8. Those for the 8-
hour exceedance days for each area follow.

Based on the Nashville sounding data (Figure 1-8a-b), upper-level winds during the ozone
season tend to be southwesterly through northwesterly for both the morning and evening
soundings.

When only high ozone days in the Memphis area are considered (Figure 1-9), there is a
discernable shift to more northerly and easterly components during the time of the morning
sounding, and really no favored wind direction at the time of the evening sounding. The
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percentage of time that the winds are from the north, northeast, south, and southeast is greater
for ozone exceedance days than for all ozone season days. The range of wind directions
indicates that there is no one upper-air wind pattern associated with exceedances in the
Memphis area. We also examined this same series of plots using upper-air wind data for Little
Rock (not shown) and found a greater occurrence of easterly winds at the time of the morning
sounding and a slight tendency for a shift from southwesterly to southeasterly winds at the time
of the afternoon sounding for exceedance days in Memphis.

For the Nashville area (Figure 1-10), the upper-level winds suggest a greater tendency for winds
aloft to have a westerly component during the time of the morning sounding, but easterly wind
components also appear on certain of the exceedance days. Similar to Memphis, the evening
winds exhibit a range of wind directions on ozone exceedance days for Nashville, with a
tendency for more southerly and easterly wind components on the exceedance days.

For exceedance days in the Knoxville area (Figure 1-11), the upper-level winds suggest a
greater tendency for winds aloft to have a southerly component during high ozone days,
especially at the time of the evening soundings. Westerly to southwesterly winds dominate the
wind roses for the Knoxville area ozone exceedance days.

Westerly to southerly winds also dominate the wind roses for exceedances days in the
Chattanooga area (Figure 1-12). Compared to the full ozone season, there is a greater
tendency for winds from south.
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Figure 1-8a.
Winds at the 850 mb Level for the Nashville Sounding
for the Ozone Season (April-October, 1996—-2002): 0600 CST

850 mb (om) Winds in the Noshville Area (1996 — 2002)
for the Ozone Season (April — September)
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850 mb (pm) Winds in the Noshville Area (1996 — 2002)

Figure 1-8b.

Winds at the 850 mb Level for the Nashville Sounding
for the Ozone Season (April-October, 1996-2002): 1800 CST
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Figure 1-9a.
Winds at the 850 mb Level for the Nashville Sounding
for 8-Hour Ozone Exceedance Days for Memphis (1996-2002): 0600 CST

850 mb (om) Winds in the Memphis Area (1996 — 2002)
for the 8—hour Ozone Exceedance Days
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Figure 1-9b.
Winds at the 850 mb Level for the Nashville Sounding
for 8-Hour Ozone Exceedance Days for Memphis (1996-2002): 1800 CST

850 mb (pm) Winds in the Memphis Area (1996 — 2002)
for the 8—hour Ozone Exceedance Days
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Figure 1-10a.
Winds at the 850 mb Level for the Nashville Sounding
for 8-Hour Ozone Exceedance Days for Nashville (1996—2002): 0600 CST

850 mb (om) Winds in the Noshville Area (1996 — 2002)
for the 8—hour Ozone Exceedance Days
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Figure 1-10b.
Winds at the 850 mb Level for the Nashville Sounding
for 8-Hour Ozone Exceedance Days for Nashville (1996—2002): 1800 CST

850 mb (pm) Winds in the Noshville Area (1996 — 2002)
for the 8—hour Ozone Exceedance Days
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Figure 1-11a.
Winds at the 850 mb Level for the Nashville Sounding
for 8-Hour Ozone Exceedance Days for Knoxville (1996-2002): 0600 CST

850 mb (om) Winds in the Knoxville Area (1996 — 2002)
for the 8—hour Ozone Exceedance Days

SAI/ICF Consulting 1-28 Early Action Compact Modeling Analysis
04-012 March 30, 2004



1. Introduction

Figure 1-11b.
Winds at the 850 mb Level for the Nashville Sounding
for 8-Hour Ozone Exceedance Days for Knoxville (1996-2002): 1800 CST

850 mb (pm) Winds in the Knoxville Area (1996 — 2002)
for the 8—hour Ozone Exceedance Days
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Figure 1-12a.
Winds at the 850 mb Level for the Nashville Sounding
for 8-Hour Ozone Exceedance Days for Chattanooga (1996—2002): 0600 CST

850 mb (om) Winds in the Chaottonoogo Area (1996 — 2002)
for the 8—hour Ozone Exceedance Days
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Figure 1-12b.
Winds at the 850 mb Level for the Nashville Sounding
for 8-Hour Ozone Exceedance Days for Chattanooga (1996—2002): 1800 CST

850 mb (pm) Winds in the Chattonoogo Area (1996 — 2002)
for the 8—hour Ozone Exceedance Days
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CART-Based Analysis of Meteorological Factors

The factors that influence 8-hour ozone concentrations in the EAC areas were further examined
using the results from an application of the Classification and Regression Tree (CART) analysis
technique. CART (Brieman et al., 1984; Steinberg and Colla, 1997) is a statistical analysis tool
that was used in the ATMOS episode selection analysis to classify all ozone season days for
the years 1996-2002 according to meteorological and air quality parameters. The CART
analysis software was used to separate the days into different groups (classification “bins”),
such that days placed within the same bin exhibit similar meteorological features and ozone
concentrations. For example, one bin may include high ozone days associated with low wind
speeds, while another may include days with higher wind speeds, with transport indicated. The
classification variable (for separating the days into bins) is maximum 8-hour ozone
concentration. For ATMOS, CART was applied for the Memphis, Nashville, Knoxville, and
Chattanooga areas, but not for the Tri-Cities area.

The results of the CART analysis take the form of an upside-down “tree,” with branches
representing different values of the input variables, leading to bins representing different values
of the classification variable (in this case, 8-hour ozone concentration). Each bin corresponds to
a particular set of meteorological and ozone air quality conditions. By examining the parameters
associated with each classification category, and specifically the parameters and parameter
values used to segregate the days into the various classification bins, the analyst can gain
insight into the key differences between exceedance days and non-exceedance days, and the
mechanisms contributing to high ozone events. This information on the relationships between
air quality and meteorology was used in developing the conceptual description of 8-hour ozone
for each of the four areas.

MEMPHIS

For four ranges of 8-hour ozone concentration (<65, 65-85, 85-105, and >105 ppb, comprising
Categories 1 to 4 respectively), the corresponding values for several air quality and
meteorological parameters are summarized in Table 1-6a. Table 1-6b considers the input
parameter values for the Memphis key (most populated) ozone exceedance bins.
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Table 1-6a
Summary of Input Parameters for Each CART Classification Category: Memphis

Category 1 Category 2 Category 3 Category 4

Ozone Parameters

Yesterday's maximum 8-hour ozone for Memphis (ppb) 55.3 70.5 80.5 82.8
Yesterday's maximum 8-hour ozone for Little Rock (pph) 475 60.5 68.2 712

Surface Meteorological Parameters

Maximum surface temperature (°F) 80.7 88.6 92.4 93.3
Surface relative humidity at noon (%) 60.9 49.8 45.3 452
Surface wind speed from 7-10 LST (ms1) 3.9 29 2.3 2.0
Surface wind speed from 10-13 LST (ms1) 45 37 2.7 1.7
Surface wind speed from 13-16 LST (ms™) 4.6 39 3.0 21
Surface wind direction from 7-10 LST (1=N, 2=E, 3=S, 4=W) 3 3 3 3
Surface wind direction from 10-13 LST (1=N, 2=E, 3=S, 4=W) 3 3 3 4
Surface wind direction from 13-16 LST (1=N, 2=E, 3=S, 4=W) 4 4 3 4
Maximum surface pressure (mb) 1018 1018 1018 1017

Upper-Air Meteorological Parameters (Little Rock)

Yesterday's 850 mb temperature (PM) (°C) 14.9 17.4 18.7 18.9
850 mb temperature (AM) (°C) 14.4 16.7 18.3 18.1
850 mb temperature (PM) (°C) 14.7 17.7 19.4 19.1
Temperature gradient (900 mb to surface; AM) (°C) -1.39 -0.92 -0.90 -0.74
850 mb relative humidity (AM) (%) 64.1 61.5 57.1 62.1
850 mb relative humidity (PM) (%) 66.8 63.6 60.3 61.7
850 mb geopotential height gradient between Nashville and Little Rock (m) 8.8 6.3 9.6 111
Yesterday's 850 mb wind speed (PM) (ms) 8.2 55 49 41
850 mb wind speed (AM) (ms) 9.5 6.1 48 49
850 mb wind speed (PM) (ms) 8.1 5.7 4.8 4.2
Yesterday's 850 mb wind direction (PM) (1=N, 2 = E, 3=S, 4=W) 4 4 1 2
850 mb wind direction (AM) (1=N, 2 = E, 3=S, 4=W) 4 4 4 3
850 mb wind direction (PM) (1=N, 2 = E, 3=S, 4=W) 4 4 3 3
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A column-by-column comparison of the values in Table 1-6a reveals some clear tendencies in
several of the air quality and meteorological parameters.

High ozone in the Memphis area is associated with relatively high ozone on the prior day—in
Memphis as well as in Little Rock. Thus, a regional day-to-day build up of ozone is indicated for
high ozone days.

The surface meteorological parameters indicate a correlation between higher ozone
concentrations and higher temperatures, lower relative humidity, and lower wind speeds.
Surface wind speeds for all three periods considered (0700 — 1000 LST, 1000 — 1300 LST, and
1300 — 1600 LST) tend to be lower for days with higher ozone concentrations. Surface wind
directions do not show a clear tendency across the categories, and tend, on average, to be
southerly to westerly during the ozone season days included in the analysis. Surface pressure
does not vary much across the classification categories.

The upper-air meteorological parameters (based here on Little Rock) indicate that higher 8-hour
ozone concentrations occur with higher 850 mb temperatures. There is also a tendency for
more stable (positive) lapse rates to be associated with higher ozone days. The difference in
geopotential height (defined such that a positive number indicates higher heights (pressures)
over Nashville) is somewhat correlated with higher ozone concentrations. The average
difference is positive (in the range of 9 - 11 m) for the ozone exceedance days indicating higher
pressure over Nashville.

Lower wind speeds and a tendency for more southerly wind directions aloft are also aligned with
higher 8-hour ozone concentrations. The biggest jump in the wind speeds occurs between low
and moderate ozone concentrations (Categories 1 and 2).

The information in table 1-6a provides a general overview of how average conditions vary
across (and potentially lead to) different 8-hour ozone concentration levels for the Memphis
area. Within the high ozone categories, there are other key differences among the parameters
that result in different types of high ozone events. We have used the CART results to examine
these differences.

Only certain of the CART bins are frequently associated with 8-hour ozone exceedances. Of
these, we identified those bins with seven or more days (the equivalent of one day per year for
the analysis period) as key bins. Table 1-6b considers the input parameter values for the
Memphis key exceedance bins.
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Table 1-6b.
Summary of Exceedance Bin Characteristics for the Memphis CART Analysis.

Bins 17, 25 and 30 are Category 3 CART bins

Bin 17 Bin 25 Bin 30
Ozone Parameters
Yesterday's maximum 8-hour ozone for Memphis (ppb) 80.2 727 68.4
Yesterday's maximum 8-hour ozone for Little Rock (ppb) 66.3 62.8 58.4
Surface Meteorological Parameters
Maximum surface temperature (°F) 92.6 88.7 93.0
Surface relative humidity at noon (%) 43.6 44.2 46.0
Surface wind speed from 7-10 LST (ms™) 2.0 2.1 2.7
Surface wind speed from 10-13 LST (ms') 2.2 2.6 19
Surface wind speed from 13-16 LST (ms') 2.7 4.6 37
Surface wind direction from 7-10 LST (1=N, 2=E, 3=S, 4=W) 2 3 3
Surface wind direction from 10-13 LST (1=N, 2=E, 3=S, 4=W) 3 3 4
Surface wind direction from 13-16 LST (1=N, 2=E, 3=S, 4=W) 2 3 4
Maximum surface pressure (mb) 1019 1019 1026
Upper-Air Meteorological Parameters (Little Rock)
Yesterday's 850 mb temperature (PM) (°C) 184 18.0 18.2
850 mb temperature (AM) (°C) 17.8 16.7 16.0
850 mb temperature (PM) (°C) 18.9 17.5 16.8
Temperature gradient (900 mb to surface; AM) (°C) -1.49 -1.34 -1.60
850 mb relative humidity (AM) (%) 62.3 63.3 89.6
850 mb relative humidity (PM) (%) 63.9 64.8 72.8
850 mb geopotential height gradient between Nashville and Little Rock (m) 12.0 44 135
Yesterday’s 850 mb wind speed (PM) (ms™1) 4.4 5.3 4.6
850 mb wind speed (AM) (ms1) 4.4 4.6 5.7
850 mb wind speed (PM) (ms?) 37 54 5.7
Yesterday's 850 mb wind direction (PM) (1=N, 2 = E, 3=S, 4=W) 2 2 4
850 mb wind direction (AM) (1=N, 2 = E, 3=S, 4=W) 3 4 4
850 mb wind direction (PM) (1=N, 2 = E, 3=S, 4=W) 3 4 4
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Bins 17, 25 and 30 are Category 3 bins and have average maximum 8-hour ozone
concentrations greater than 84 ppb. While many of the characteristics are similar for the
exceedance bins, there are some differences. These provide insight into the factors influencing
the exceedance days within each bin.

For Bin 17, a distinguishing characteristic is the relatively higher ozone concentrations on the
previous day. Thus, for days within this bin, ozone builds up over multiple days. Surface winds
tend to be lower than for the other exceedance bins, especially during the morning and late
afternoon hours and surface winds tend to exhibit an easterly component. This same pattern is
found in the winds aloft. The wind speeds tend to be lower than for the other exceedance bins
and the directions are easterly to southerly.

For Bin 25, there is some regional-scale buildup of ozone and conditions are more stable than
for the other bins. Surface winds are from the south, and moderate wind speeds characterize
the afternoon hours. Weak pressure (height) gradients aloft and greater stability (compared to
the other exceedance bins) also characterize the days within this bin. Winds aloft have a
westerly component.

Days within Bin 30 are characterized by relatively low ozone on the prior day). Surface winds
are from the south during the morning and then from the west during the afternoon hours. The
wind speeds are in between those for the other two exceedance bins. High relative humidity
aloft (indicative of some cloud cover) also characterizes this bin.

NASHVILLE

For four ranges of 8-hour ozone concentration (<65, 65-85, 85-105, and >105 ppb, comprising
Categories 1 to 4 respectively), the corresponding values for several air quality and
meteorological parameters are summarized in Table 1-7a.

Table 1-7b considers the input parameter values for the Nashville key bins.
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Table 1-7a.
Summary of Input Parameters for Each CART Classification Category: Nashville

Category 1 Category 2 Category 3 Category 4

Ozone Parameters

Yesterday's maximum 8-hour ozone for Nashville (ppb) 56.0 70.1 83.4 92.6

Surface Meteorological Parameters

Maximum surface temperature (°F) 714 85.4 90.6 914
Surface relative humidity at noon (%) 62.4 49.7 46.6 41.6
Surface wind speed from 7-10 LST (mst) 3.2 2.2 1.6 1.0
Surface wind speed from 10-13 LST (ms1) 39 34 24 2.3
Surface wind speed from 13-16 LST (ms1) 4.2 3.7 2.9 2.3
Surface wind direction from 7-10 LST (1=N, 2=E, 3=S, 4=W) 3 3 3 3
Surface wind direction from 10-13 LST (1=N, 2=E, 3=S, 4=W) 4 4 3 4
Surface wind direction from 13-16 LST (1=N, 2=E, 3=S, 4=W) 4 4 1 3
Maximum surface pressure (mb) 1018 1018 1019 1019

Upper-Air Meteorological Parameters (Nashville)

Yesterday's 850 mb temperature (PM) (°C) 13.5 15.3 17.7 18.0
850 mb temperature (AM) (°C) 12.5 14.8 17.1 17.7
850 mb temperature (PM) (°C) 13.0 15.9 18.6 19.3
Temperature gradient (900 mb to surface; AM) (°C) -1.06 0.36 13 33
850 mb relative humidity (AM) (%) 733 65.6 62.5 52.2
850 mb relative humidity (PM) (%) 732 68.7 65.3 58.4
Change in the 850 mb geopotential height (today — yesterday) (m) 2.1 1.6 2.3 -1.2
Yesterday's 850 mb wind speed (PM) (ms) 8.6 5.8 4.2 34
850 mb wind speed (AM) (ms) 9.8 7.1 51 47
850 mb wind speed (PM) (ms) 8.4 6.0 4.1 3.6
Yesterday's 850 mb wind direction (PM) (1=N, 2 = E, 3=S, 4=W) 4 4 1 3
850 mb wind direction (AM) (1=N, 2 = E, 3=S, 4=W) 4 4 4 4
850 mb wind direction (PM) (1=N, 2 = E, 3=S, 4=W) 4 4 4 4
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High ozone days in the Nashville area are associated with relatively high ozone on the prior day.
Thus, a day-to-day build up or carryover of ozone is indicated for high ozone days.

The surface meteorological parameters indicate a correlation between higher ozone
concentrations and higher temperatures, lower relative humidity, and lower wind speeds.
Surface wind speeds for all three periods considered (0700 — 1000 LST, 1000 — 1300 LST, and
1300 — 1600 LST) tend to be lower for days with higher ozone concentrations. Surface wind
directions do not show a clear tendency across the categories, and tend, on average, to be
southerly to westerly during the ozone season days included in the analysis. Surface pressure
does not vary much across the classification categories.

The upper-air meteorological parameters for Nashville indicate that higher 8-hour ozone
concentrations occur with higher 850 mb temperatures. There is a strong positive correlation
between the 900 mb to surface temperature difference (an indicator of stability) and ozone
category, with very stable conditions indicated for the highest category. Relative humidity aloft,
an indicator of cloud cover, decreases with increasing ozone. Lower wind speeds aloft are also
aligned with higher 8-hour ozone concentrations. There is no clear tendency in average wind
direction aloft (note that this finding is consistent with the wind rose diagrams presented earlier
in this section).

Table 1-7b examines the differences among the key exceedance bins and the parameters that
result in different types of high ozone events.
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Table 1-7b.

Summary of Exceedance Bin Characteristics for the Nashville CART Analysis.
Bins 7, 18, 20, and 34 are Category 3 CART bins and Bin 26 is a Category 4 CART bin.

Bin7 Bin 18 Bin 20 Bin 34 Bin 26
Ozone Parameters
Yesterday's maximum 8-hour ozone for Nashville (ppb) 67.4 65.9 67.1 62.4 91.6
Surface Meteorological Parameters
Maximum surface temperature (°F) 894 89.5 90.0 713 92.1
Surface relative humidity at noon (%) 47.1 50.4 51.4 34.3 38.4
Surface wind speed from 7-10 LST (ms) 12 2.0 17 34 1.0
Surface wind speed from 10-13 LST (ms) 2.3 4.0 2.8 51 2.3
Surface wind speed from 13-16 LST (ms) 29 3.6 33 5.3 2.7
Surface wind direction from 7-10 LST (1=N, 2=E, 3=S, 4=W) 2 3 3 3 3
Surface wind direction from 10-13 LST (1=N, 2=E, 3=S, 4=W) 2 1 4 3 4
Surface wind direction from 13-16 LST (1=N, 2=E, 3=S, 4=W) 2 1 3 2 4
Maximum surface pressure (mb) 1020 1017 1018 1019 1019
Upper-Air Meteorological Parameters (Nashville)
Yesterday's 850 mb temperature (PM) (°C) 16.7 17.1 17.6 10.3 18.2
850 mb temperature (AM) (°C) 16.7 16.7 16.4 9.6 17.7
850 mb temperature (PM) (°C) 17.9 18.0 18.1 11.5 19.1
Temperature gradient (900 mb to surface; AM) (°C) 0.93 0.71 -0.02 0.63 3.8
850 mb relative humidity (AM) (%) 52.2 56.4 84.4 46.8 55.5
850 mb relative humidity (PM) (%) 68.1 69.2 74.4 51.6 60.8
Change in the 850 mb geopotential height (today — yesterday) (m) 15.2 0.9 33 45 A7
Yesterday’s 850 mb wind speed (PM) (ms) 4.7 5.7 4.6 8.4 34
850 mb wind speed (AM) (ms'1) 4.9 6.7 5.2 12.0 4.6
850 mb wind speed (PM) (ms1) 39 4.7 4.1 11.3 3.8
Yesterday's 850 mb wind direction (PM) (1=N, 2 = E, 3=S, 4=W) 1 4 3 1 3
850 mb wind direction (AM) (1=N, 2 = E, 3=S, 4=W) 4 4 4 1 4
850 mb wind direction (PM) (1=N, 2 = E, 3=S, 4=W) 3 1 4 3 3
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Bins 7, 18, 20, and 34 are Category 3 bins and have average maximum 8-hour ozone
concentrations greater than 84 ppb. Bind 26 is a Category 4 bin, which corresponds to the
highest CART concentration range of greater than 104 ppb. While many of the characteristics
are similar for the exceedance bins, there are some differences. These provide insight into the
factors influencing the exceedance days within each bin.

Bins 7, 18 and 20 have similar average values for previous day ozone concentration, maximum
surface temperature and temperature aloft, surface relative humidity, and stability. There are
differences, however, in wind speed and direction, both near the surface and aloft. Surface
winds for Bin 7 are from the east and wind speeds are low. For this same bin, the upper air
winds are primarily westerly to southerly and wind speeds are moderate. For Bin 18, surface
winds are from the north with low to moderate wind speeds. Winds aloft are moderate and
westerly to northerly. Bin 20 is characterized by westerly to southerly surface winds, with low to
moderate wind speeds (lower than for Bin 18) and moderate westerly winds aloft. Thus, these
three bins are likely to capture different source-receptor relationships. Another different among
these bins is the average relative humidity aloft — high values for Bin 20 indicate cloud cover.
The change in geopotential height is also very different for the three bins.

Bin 34 has very different characteristics overall. Days within this bin are characterized by much
lower temperatures and stronger wind speeds that the other exceedance days. Winds aloft are
from the north, while surface winds are from the southeast. Days within this bin are
representative of transitional period (spring or fall) high ozone days.

Days within Bin 26 (the Category 4 bin) are characterized by very high ozone on the prior day.
Temperatures (both the near the surface and aloft) are higher than for the other bins, while
relative humidity is low. Stable lapse rates are also indicated and distinguish this bin from the
other exceedance bins. Relatively low wind speeds near the surface and aloft and southerly to
westerly winds round out the characteristics of this bin.

KNOXVILLE

For four ranges of 8-hour ozone concentration (<65, 65-85, 85-105, and >105 ppb, comprising
Categories 1 to 4 respectively), the corresponding values for several air quality and
meteorological parameters are summarized in Table 1-8a.

Table 1-8b considers the input parameter values for the Knoxville key bins.
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Summary of Input Parameters for g:::br:eC%ASR? Classification Category: Knoxville
Category 1 Category 2 Category 3 Category 4

Ozone Parameters
Yesterday's maximum 8-hour ozone for Knoxville (ppb) 62.0 735 87.6 99.3
Yesterday's maximum 8-hour ozone for Nashville (ppb) 51.3 66.1 80.3 89.0
Yesterday's maximum 8-hour ozone for Chattanooga (ppb) 46.6 60.3 75.0 82.9
Yesterday's maximum 8-hour ozone for Atlanta (ppb) 51.6 69.2 89.1 96.8
Surface Meteorological Parameters
Maximum surface temperature (°F) 745 81.8 88.0 90.1
Surface relative humidity at noon (%) 67.6 58.7 52.9 50.9
Surface wind speed from 7-10 LST (ms1) 29 19 13 0.9
Surface wind speed from 10-13 LST (ms) 3.9 3.0 24 14
Surface wind speed from 13-16 LST (ms) 4.2 3.7 31 2.3
Surface wind direction from 7-10 LST (1=N, 2=E, 3=S, 4=W) 4 1 1 2
Surface wind direction from 10-13 LST (1=N, 2=E, 3=S, 4=W) 4 4 4 4
Surface wind direction from 13-16 LST (1=N, 2=E, 3=S, 4=W) 4 4 4 4
Maximum surface pressure (mb) 1018 1018 1019 1019
Upper-Air Meteorological Parameters (Nashville)
Yesterday's 850 mb temperature (PM) (°C) 12.7 14.8 17.6 18.4
850 mb temperature (AM) (°C) 11.5 14.1 16.9 17.8
850 mb temperature (PM) (°C) 11.9 15.2 18.1 18.9
Temperature gradient (900 mb to surface; AM) (°C) -1.45 -0.11 1.15 2.14
850 mb relative humidity (AM) (%) 739 68.7 63.2 60.0
850 mb relative humidity (PM) (%) 72.8 70.6 66.9 68.2
850 mb geopotential height gradient between Greenshoro and Nashville (m) 1.9 11 -39 -4.3
Yesterday’s 850 mb wind speed (PM) (ms) 9.2 6.7 45 4.0
850 mb wind speed (AM) (ms) 10.0 8.1 6.0 5.3
850 mb wind speed (PM) (ms1) 8.3 7.0 5.1 45
Yesterday's 850 mb wind direction (PM) (1=N, 2 = E, 3=S, 4=W) 4 4 4 3
850 mb wind direction (AM) (1=N, 2 = E, 3=S, 4=W) 4 4 4 4
850 mb wind direction (PM) (1=N, 2 = E, 3=S, 4=W) 4 4 4 3

SAI/ICF Consulting 1-41

04-012

Early Action Compact Modeling Analysis

March 30, 2004



1. Introduction

High ozone in the Knoxville area is associated with the regional day-to-day build up of ozone.

The surface meteorological parameters indicate a correlation between higher ozone
concentrations and higher temperatures, lower relative humidity, and lower wind speeds. For all
of these parameters, good correlation is indicated. Surface wind directions do not show a clear
tendency across the categories, and tend, on average, to be westerly during the ozone season
days included in the analysis. Average surface pressure does not vary across the classification
categories.

The upper-air meteorological parameters (based here on Nashville) indicate that higher 8-hour
ozone concentrations occur with higher 850 mb temperatures. There is also a very clear
tendency for more stable (positive) lapse rates to be associated with higher ozone days. The
difference in geopotential height between Greensboro and Nashville (defined such that a
positive number indicates higher heights (pressures) over Greensboro) indicates that high
ozone occurs with higher pressure over Nashville.

Lower wind speeds and a tendency for more southerly wind directions aloft are also aligned with
higher 8-hour ozone concentrations.

Table 1-8b examines the differences among the key exceedance bins and the parameters that
result in different types of high ozone events.

SAI/ICF Consulting 1-42 Early Action Compact Modeling Analysis
04-012 March 30, 2004



1. Introduction

Table 1-8b.

Summary of Exceedance Bin Characteristics for the Knoxville CART Analysis.
Bins 10, 16, 23, and 29 are Category 3 CART bins and Bin 27 is a Category 4 CART bin.

Bin 10 Bin 16 Bin 23 Bin 29 Bin 27
Ozone Parameters
Yesterday's maximum 8-hour ozone for Knoxville (ppb) 74.0 734 73.2 68.5 107.6
Yesterday's maximum 8-hour ozone for Nashville (ppb) 73.4 737 71.6 65.2 90.0
Yesterday's maximum 8-hour ozone for Chattanooga (ppb) 65.6 60.1 60.0 56.7 87.8
Yesterday's maximum 8-hour ozone for Atlanta (ppb) 815 80.7 714 65.8 99.6
Surface Meteorological Parameters
Maximum surface temperature (°F) 88.3 88.4 87.9 73.6 90.4
Surface relative humidity at noon (%) 55.9 58.2 62.8 89.2 50.8
Surface wind speed from 7-10 LST (ms) 15 16 17 2.0 1.0
Surface wind speed from 10-13 LST (ms') 25 2.1 2.7 2.9 1.6
Surface wind speed from 13-16 LST (ms) 31 3.2 3.2 3.2 24
Surface wind direction from 7-10 LST (1=N, 2=E, 3=S, 4=W) 4 4 2 1 2
Surface wind direction from 10-13 LST (1=N, 2=E, 3=S, 4=W) 4 4 2 4 4
Surface wind direction from 13-16 LST (1=N, 2=E, 3=S, 4=W) 4 4 1 4 4
Maximum surface pressure (mb) 1018 1018 1017 1016 1019
Upper-Air Meteorological Parameters (Nashville)
Yesterday's 850 mb temperature (PM) (°C) 174 19.1 18.1 14.7 18.9
850 mb temperature (AM) (°C) 17.5 18.3 16.8 13.6 17.8
850 mb temperature (PM) (°C) 18.3 19.2 18.2 13.7 19.0
Temperature gradient (900 mb to surface; AM) (°C) 0.96 -0.53 -0.66 -1.31 2.3
850 mb relative humidity (AM) (%) 57.6 64.3 89.3 83.1 65.1
850 mb relative humidity (PM) (%) 733 71.6 75.6 75.6 67.9
850 mb geopotential height gradient between Greensboro and Nashville (m) ~ -5.5 -14.1 -39 10.6 2.0
Yesterday's 850 mb wind speed (PM) (ms) 4.6 5.7 5.2 7.7 4.2
850 mb wind speed (AM) (ms) 6.7 6.4 6.1 10.0 5.8
850 mb wind speed (PM) (ms) 55 48 5.2 8.2 5.0
Yesterday's 850 mb wind direction (PM) (1=N, 2 = E, 3=S, 4=W) 4 4 1 4 3
850 mb wind direction (AM) (1=N, 2 = E, 3=S, 4=W) 4 4 4 4 4
850 mb wind direction (PM) (1=N, 2 = E, 3=S, 4=W) 4 4 3 4 4
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Bins 10, 16, 23 and 29 are Category 3 bins and have average maximum 8-hour ozone
concentrations greater than 84 ppb. Bin 27 is a Category 4 bin with concentrations greater than
105 ppb (for correctly classified days). While many of the characteristics are similar for the
exceedance bins, there are some differences. These provide insight into the factors influencing
the exceedance days within each bin. The characteristics of and the differences among the bins
is reminiscent of those for Nashville.

Bins 10, 16 and 23 have similar average values for previous day ozone concentration,
maximum surface temperature, surface relative humidity, wind speed, and 900 mb to surface
lapse rate. Bins 10 and 16 share similar wind characteristics, but Bin 16 shows a greater
pressure differential between Greensboro and Nashville, with higher pressure over Nashville
and higher 850 mb temperatures (likely the result of being under the influence of a high
pressure system). Bins 10 and 23 have similar pressure differential and 850 mb temperatures,
but Bin 23 differs from both Bins 10 and 16 in that the surface winds are from the east or north,
rather than from the west. Winds aloft also have a southerly component during the afternoon
hours, that is not indicate for the other two bins. Thus, these three bins represent three different
combinations of two sets of vertical mixing characteristics and two different source-receptor
relationships.

Bin 29 has very different characteristics overall. Days within this bin are characterized by lower
ozone concentrations on the prior day, much lower temperatures, and stronger wind speeds that
the other exceedance days. Winds aloft are from the west, while surface winds are from the
north and west. Days within this bin are representative of transitional period (spring or fall) high
ozone days.

Days within Bin 27 (the Category 4 bin) are characterized by very high ozone on the prior day.
Temperatures (both the near the surface and aloft) are higher than for the other bins, while
relative humidity is low. Stable lapse rates are also indicated and distinguish this bin from the
other exceedance bins. Relatively low wind speeds near the surface and aloft and
predominantly westerly winds round out the characteristics of this bin.

CHATTANOOGA

For four ranges of 8-hour ozone concentration (<65, 65-85, 85-105, and >105 ppb, comprising
Categories 1 to 4 respectively), the corresponding values for several air quality and
meteorological parameters are summarized in Table 1-9a.

Table 1-9b considers the input parameter values for the Chattanooga key bins.
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Summary of Input Parameters for Ea-lc—ﬁbCIZeAlR'I?%lassification Category: Chattanooga
Category 1 Category 2 Category 3 Category 4

Ozone Parameters
Yesterday's maximum 8-hour ozone for Chattanooga (ppb) 52.5 68.6 81.9 90.1
Yesterday's maximum 8-hour ozone for Nashville (ppb) 574 75.3 84.3 94.7
Yesterday's maximum 8-hour ozone for Atlanta (ppb) 59.6 80.4 91.6 106.4
Yesterday's maximum 8-hour ozone for Birmingham (ppb) 50.9 68.6 82.0 88.0
Surface Meteorological Parameters
Maximum surface temperature (°F) 80.0 87.8 91.2 92.8
Surface relative humidity at noon (%) 61.8 50.9 46.3 433
Surface wind speed from 7-10 LST (ms) 18 1.0 0.6 0.2
Surface wind speed from 10-13 LST (ms) 3.0 2.3 17 1.0
Surface wind speed from 13-16 LST (ms) 3.6 3.0 25 2.6
Surface wind direction from 7-10 LST (1=N, 2=E, 3=S, 4=W) 3 3 3 1
Surface wind direction from 10-13 LST (1=N, 2=E, 3=S, 4=W) 4 4 3 3
Surface wind direction from 13-16 LST (1=N, 2=E, 3=S, 4=W) 4 4 3 4
Maximum surface pressure (mb) 1018 1019 1020 1019
Upper-Air Meteorological Parameters (Nashville)
Yesterday's 850 mb temperature (PM) (°C) 13.7 16.1 17.6 18.2
850 mb temperature (AM) (°C) 12.7 15.6 17.0 17.9
850 mb temperature (PM) (°C) 13.3 16.8 18.5 19.1
Temperature gradient (900 mb to surface; AM) (°C) -1.02 0.79 211 3.87
850 mb relative humidity (AM) (%) 72.3 63.8 60.6 55.3
850 mb relative humidity (PM) (%) 724 67.6 64.5 59.9
850 mb geopotential height gradient between Greenshoro and Nashville (m) 16 -15 5.1 -11
Yesterday's 850 mb wind speed (PM) (ms-t) 8.2 5.2 4.2 39
850 mb wind speed (AM) (ms-) 9.4 6.6 5.8 5.0
850 mb wind speed (PM) (ms) 7.8 5.9 4.7 49
Yesterday's 850 mb wind direction (PM) (1=N, 2 = E, 3=S, 4=W) 4 4 3 3
850 mb wind direction (AM) (1=N, 2 = E, 3=S, 4=W) 4 4 4 4
850 mb wind direction (PM) (1=N, 2 = E, 3=S, 4=W) 4 4 3 4
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High ozone in the Chattanooga area is associated with relatively high ozone on the prior day—
throughout the region. Thus, day-to-day build up or carryover of ozone is indicated for high
ozone days.

The surface meteorological parameters indicate a correlation between higher ozone
concentrations and higher temperatures, lower relative humidity, and lower wind speeds.
Surface wind speeds for all three periods considered (0700 — 1000 LST, 1000 — 1300 LST, and
1300 — 1600 LST) tend to be lower for days with higher ozone concentrations. The differences
between the Category 3 and 4 averages for surface temperature and wind speed are not as
clear as for the other areas. Southerly surface wind directions are associated with the higher
ozone categories. Surface pressure does not vary much across the classification categories.

The upper-air meteorological parameters (based here on Nashville) indicate that higher 8-hour
ozone concentrations occur with higher 850 mb temperatures. There is a clear a tendency for
more stable (positive) lapse rates to be associated with higher ozone days. Lower wind speeds
and a tendency for more southerly wind directions aloft are also aligned with higher 8-hour
ozone concentrations. The biggest jump in the wind speeds occurs between low and moderate
ozone concentrations (Categories 1 and 2).

Table 1-8b examines the differences among the key exceedance bins and the parameters that
result in different types of high ozone events.
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Table 1-9b.
Summary of Exceedance Bin Characteristics for the Chattanooga CART Analysis.

Bins 23 and 33 are Category 3 CART bins and Bin 26 is a Category 4 CART bin.

Bin 23 Bin 33 Bin 26

Ozone Parameters

Yesterday's maximum 8-hour ozone for Chattanooga (ppb) 84.5 92.3 89.0
Yesterday's maximum 8-hour ozone for Nashville (ppb) 78.7 94.8 89.2
Yesterday's maximum 8-hour ozone for Atlanta (ppb) 86.9 112.5 90.6
Yesterday's maximum 8-hour ozone for Birmingham (ppb) 81.6 91.6 80.7

Surface Meteorological Parameters

Maximum surface temperature (°F) 87.9 94.2 92.5
Surface relative humidity at noon (%) 50.9 441 431
Surface wind speed from 7-10 LST (ms1) 0.5 0.1 0.6
Surface wind speed from 10-13 LST (ms™) 1.4 1.3 1.9
Surface wind speed from 13-16 LST (ms™) 2.1 3.0 29
Surface wind direction from 7-10 LST (1=N, 2=E, 3=S, 4=W) 4 2 4
Surface wind direction from 10-13 LST (1=N, 2=E, 3=S, 4=W) 3 4 3
Surface wind direction from 13-16 LST (1=N, 2=E, 3=S, 4=W) 3 4 4
Maximum surface pressure (mb) 1020 1018 1020

Upper-Air Meteorological Parameters (Nashville)

Yesterday's 850 mb temperature (PM) (°C) 15.2 19.0 18.9
850 mb temperature (AM) (°C) 15.2 18.8 17.6
850 mb temperature (PM) (°C) 16.6 19.8 18.8
Temperature gradient (900 mb to surface; AM) (°C) 2.22 4.26 1.82
850 mb relative humidity (AM) (%) 64.4 55.5 63.9
850 mb relative humidity (PM) (%) 66.5 58.6 61.4
850 mb geopotential height gradient between Greensboro and Nashville (m)  -3.2 -3.8 -10.1
Yesterday's 850 mb wind speed (PM) (ms?) 5.0 4.0 4.0
850 mb wind speed (AM) (ms) 6.7 5.2 6.0
850 mb wind speed (PM) (ms) 5.4 49 47
Yesterday's 850 mb wind direction (PM) (1=N, 2 = E, 3=S, 4=W) 4 3 2
850 mb wind direction (AM) (1=N, 2 = E, 3=S, 4=W) 4 4 4
850 mb wind direction (PM) (1=N, 2 = E, 3=S, 4=W) 3 4 4
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Bins 23 and 33 are Category 3 bins and have average maximum 8-hour ozone concentrations
greater than 84 ppb. Bin 26 is a Category 4 bin, with higher ozone concentrations. While many
of the characteristics are similar for the exceedance bins, there are some differences. These
provide insight into the factors influencing the exceedance days within each bin.

Bin 23 is described by moderate ozone levels on the prior day, very light surface winds from the
south, and moderate winds aloft from the west and south.

Interestingly, Bin 33, a Category 3 bin, is associated with the highest prior day average ozone
concentrations among the three bins. It also exhibits the highest surface temperatures and the
greatest stability. Surface winds tend to be lower than for the other exceedance bins, especially
during the morning and early afternoon hours and are primarily westerly. Moderate upper-air
winds, also from the west characterize this bin, but with winds from the south on the previous
evening.

For Bin 26 falls between these two bins, considering the average values of most of the
parameters. The height difference from Greensboro to Nashville is more negative, indicating a
stronger west to east pressure gradient over the area. Easterly winds aloft on the previous
evening and southerly winds near the surface on during the mid-afternoon hours may also
contribute to the differences in observed ozone for days within this bin.

Emissions Influencing Ozone Within the ATMOS Region

All of the ATMOS EAC areas are located in the mid-South portion of the continental U.S.
Regional-scale modeling results performed by EPA (e.g., EPA, 2004) as well as the ATMOS
regional modeling results presented later in this report indicate that ozone concentrations in this
region are influenced by ozone and precursor transport from outside of the region. Emission
source areas to the north, east, west, and south including major metropolitan areas to the
northeast, north, northwest, southwest, and south of the domain ensure the potential for a
contribution from regional-scale transport. As indicated in a previous section, ozone episodes
are associated with a variety of upper-level wind directions and, thus, a range of potential
transport conditions.

Within the region, there are numerous sources of NO,, VOC, and CO emissions that likely also
contribute to ozone production in the region and affect one or more of the EAC areas. Ozone
precursor emissions from anthropogenic sources are the result of activity associated with
transportation (both interstate and local), electrical generation, manufacturing/industry, and
other population-related sources (household products, home heating, recreational equipment,
etc.). A number of electrical generation stations, chemical and petrochemical industry sources,
and gas compressor stations are located in the region. In addition, other sources such as barge
and commercial shipping traffic along the Mississippi River, and furniture manufacturing facilities
contribute to the emissions totals in specific portions of the region.

Plots of the anthropogenic NO, and VOC emissions by source category are presented for each
EAC region in Figure 1-13. In general, large sources of NO, include electric generation, other
industrial boilers, and mobile sources. The anthropogenic VOC emissions originate from a
variety of area, industrial, and transportation-related sources.
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Figure 1-13a.
Weekday Anthropogenic Emissions (tpd) in the Memphis EAC Area
by Species and Source Category
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Figure 1-13b.
Weekday Anthropogenic Emissions (tpd) in the Nashville EAC Area
by Species and Source Category
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Figure 1-13c.
Weekday Anthropogenic Emissions (tpd) in the Knoxville EAC Area
by Species and Source Category
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Figure 1-13d.
Weekday Anthropogenic Emissions (tpd) in the Chattanooga EAC Area
by Species and Source Category
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Figure 1-13e.
Weekday Anthropogenic Emissions (tpd) in the Tri-Cities EAC Area
by Species and Source Category
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In addition to anthropogenic sources, the ATMOS region has a high percentage of VOC
emissions from biogenic sources, which are emitted from the region’s extensive hardwood and
softwood forests, other natural vegetation and from various crops that are raised in the region.
The biogenic emissions in the ATMOS region make up about 90 percent of the total VOC
emissions on a typical summer day. The percentage of the total VOC emissions from biogenic
sources on a typical summer day is somewhat less for the EAC areas and is 71% for the
Memphis area, 78% for the Nashville area, 79% for the Knoxville area (which includes portions of
the GSM National Park), 86% for the Chattanooga area, and 79% for the Tri-Cities area.

There is some slight variation in emissions day to day during a typical summer, with some
decreases in mobile emissions expected on weekend days and corresponding increases in non-
road emissions, likely associated with the usage of recreational equipment. The anthropogenic
and biogenic precursor emissions are affected by local and regional weather conditions, which
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affect the formation, transport, and deposition characteristics of ozone concentrations within the
region.

Summary Conceptual Description of 8-Hour Ozone

In this section, we have begun to develop, through analysis of observed data and emission
inventory information, a conceptual description of 8-hour ozone for the ATMOS region and the
five EAC areas of interest.

Examination of 8-hour ozone data for the EAC areas for the 1996-2002 analysis period shows
that

o All areas had some exceedance days, and the Memphis, Nashville, and Knoxville areas had
90™ percentile values greater than 84 ppb.

e The Knoxville area experienced the greatest number of exceedance days (nearly as many as
Atlanta).

¢ July and August are the peak ozone months for most areas, although Nashville and the Tri-
Cities areas had more exceedance in June than in July.

e The years 1997, 1998 and 1999 were high ozone years for most of the areas; in contrast,
ozone concentrations tended to be lowest for 2001.

o Same-day correlations among the areas of interest suggest that 8-hour ozone concentrations
are subregionally correlated, presumably as the neighboring areas experience similar
meteorological conditions.

Memphis

A more detailed analysis of the observed ozone data and meteorological conditions for the
Memphis area provided some key findings.

Analysis of the available ozone data reveals that:

o All sites recorded exceedances of the 8-hour ozone NAAQS during the 1996-2002 analysis
period. The Edmund Orgill Park site has the most number of exceedances and the DeSoto
Co. site has the fewest. Currently the Marion site has the highest design value.

e The average diurnal profiles for ozone exceedance days vary among the sites. The Frayser
site, an urban site, is characterized by a typical diurnal profile with a peak concentration
during the midday hours. Later peaks at the other sites indicate some influence from ozone
transport.

Comparison of the wind patterns for exceedance and non-exceedance days indicates that:

e There is no one upper-air wind pattern associated with exceedances in the Memphis area.
When only high ozone days in the Memphis area are considered, there is a discernable shift
to more northerly and easterly components during the time of the morning sounding. The
percentage of time that the winds are from the north, northeast, south, and southeast is
greater for ozone exceedance days than for all ozone season days.
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Other meteorological factors also contribute to the incidence of high ozone in the Memphis area.
Results from an application of the Classification and Regression Tree (CART) tool enabled an
examination of the relative importance of the air quality and meteorological variables in
segregating the days according to ozone concentration. Key findings include:

o Yesterday’s maximum 8-hour ozone value is an important indicator of the 8-hour ozone
concentration. This implies the buildup or recirculation of ozone.

e The surface meteorological parameters indicate a correlation between higher ozone
concentrations and higher temperatures, lower relative humidity, and lower wind speeds.

o The upper-air meteorological parameters indicate that higher 8-hour ozone concentrations
occur with high pressure to the east, high 850 mb temperatures, stable lapse rates, lower
wind speed, and a tendency for southerly wind directions aloft (compared to lower ozone
concentration days).

Differences among the exceedance days suggest that the high ozone days comprise a variety
of conditions, especially with respect to:

e Previous day’s maximum ozone concentration.

o Stability characteristics.

e Surface wind speed and direction.

e Wind direction aloft.

e Cloud cover.

The differences in wind speed and wind direction, in particular, highlight that differences in

exceedance meteorological and recirculation conditions can lead to different source-receptor
and transport relationships.

Nashville

A more detailed analysis of the observed ozone data and meteorological conditions for the
Nashville area provided some key findings.

Analysis of the available ozone data reveals that:

o All sites recorded exceedances of the 8-hour ozone NAAQS during the 1996-2002 analysis
period, but the most number of exceedances by far were recorded at the Rockland Rd.
monitoring site. This site also has the highest design value for the Nashville EAC area.

e The average diurnal profiles for ozone exceedance days are generally characterized by a
typical diurnal profile with a peak concentration during the midday hours.

Comparison of the wind patterns for exceedance and non-exceedance days indicates that:
¢ Similar to Memphis, the winds exhibit a range of wind directions on ozone exceedance days

for Nashville, with a tendency for more southerly and easterly wind components on the
exceedance days.

Other meteorological factors also contribute to the incidence of high ozone in the Nashville area.
Results from an application of CART enabled an examination of the relative importance of the

SAI/ICF Consulting 1-55 Early Action Compact Modeling Analysis
04-012 March 30, 2004



1. Introduction

air quality and meteorological variables in segregating the days according to ozone
concentration. Key findings include:

e Yesterday’s maximum 8-hour ozone value is an important indicator of the 8-hour ozone
concentration. This implies the buildup or recirculation of ozone.

e The surface meteorological parameters indicate a correlation between higher ozone
concentrations and higher temperatures, lower relative humidity, and lower wind speeds.

e The upper-air meteorological parameters indicate that higher 8-hour ozone concentrations
occur with high 850 mb temperatures, stable lapse rates, clear skies, and lower wind speeds
aloft.

Differences among the exceedance days suggest that the high ozone days comprise a variety
of conditions, especially with respect to:

e Previous day’s maximum ozone concentration.
o Stability characteristics.

e Surface wind speed and direction.

e Wind direction aloft.

e Cloud cover.

e Geopotential height tendency.

The differences in wind speed and wind direction, in particular, highlight that differences in
exceedance meteorological and recirculation conditions can lead to different source-receptor
and transport relationships. One of the exceedance bins is characterized by much lower
temperatures and higher wind speeds and is representative of transitional period (spring or fall)
high ozone days. Another of the bins is characterized by very high ozone on the prior day and
otherwise very ozone conducive meteorological conditions. Days within this bin have the highest
overall ozone concentrations.

Knoxville

A more detailed analysis of the observed ozone data and meteorological conditions for the
Knoxville area provided some key findings.

Analysis of the available ozone data reveals that:

o All sites recorded exceedances of the 8-hour ozone NAAQS during the 1996-2002 analysis
period. Several of the urban and GSM sites have more than 100 exceedance days and
average annual maximum ozone concentrations greater than 100 ppb.

e The average diurnal profiles for ozone exceedance days are generally characterized by a
typical diurnal profile with a peak concentration during the midday hours.

¢ Distinctly different diurnal profiles characterize sites located in the greater Knoxville area and
in the GSM. The more urban sites show a mid-day peak. The elevated GSM sites show very
flat diurnal profiles. The lack of variation throughout the day and specifically the lack of a
distinct daytime peak indicate that ozone is transported into this area throughout the day
(and not specifically formed during the daytime hours).
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Comparison of the wind patterns for exceedance and non-exceedance days indicates that:

e For exceedance days in the Knoxville area, the upper-level winds suggest a greater
tendency for winds aloft to have a southerly component during high ozone days, especially at
the time of the evening soundings. Westerly to southwesterly winds dominate the wind roses
for the Knoxville area ozone exceedance days.

Other meteorological factors also contribute to the incidence of high ozone in the Knoxville area.
Results from an application of CART enabled an examination of the relative importance of the
air quality and meteorological variables in segregating the days according to ozone
concentration. The results indicate that:

¢ High ozone in the Knoxville area is associated with the regional day-to-day build up of ozone.

e The surface meteorological parameters indicate a correlation between higher ozone
concentrations and higher temperatures, lower relative humidity, and lower wind speeds.

e The upper-air meteorological parameters indicate that higher 8-hour ozone concentrations
occur with high 850 mb temperatures, stable lapse rates, high pressure to the west, and
lower wind speeds and southerly wind directions aloft.

Differences among the exceedance days suggest that the high ozone days comprise a variety
of conditions, especially with respect to:

e Previous day’s maximum ozone concentration.
e Stability and vertical mixing characteristics.

e Surface wind speed and direction.

e Wind direction aloft.

e Cloud cover.

o Upper-level pressure/height patterns.

Three of the key exceedance bins share many similar characteristic and differ primarily with
regard to wind and vertical mixing parameters. As for Nashville, one of the exceedance bins is
characterized by much lower temperatures and higher wind speeds and is representative of
transitional period (spring or fall) high ozone days. Another of the bins is characterized by very
high ozone on the prior day and otherwise very ozone conducive meteorological conditions.
Days within this bin have the highest overall ozone concentrations.

Chattanooga

A more detailed analysis of the observed ozone data and meteorological conditions for the
Chattanooga area provided some key findings.

Analysis of the available ozone data reveals that:

e Both long-term sites recorded exceedances of the 8-hour ozone NAAQS during the 1996-
2002 analysis period, and experience high ozone about equally.

e The average diurnal profiles for ozone exceedance days are characterized by a typical
diurnal profile with a peak concentration during the midday hours.
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Comparison of the wind patterns for exceedance and non-exceedance days indicates that:

o Westerly to southerly winds are most common for exceedances days in the Chattanooga.
Compared to the full ozone season, there is a greater tendency for winds from the south on
ozone exceedance days.

Other meteorological factors also contribute to the incidence of high ozone in the Chattanooga
area. Results from an application of the Classification and Regression Tree (CART) tool
enabled an examination of the relative importance of the air quality and meteorological variables
in segregating the days according to ozone concentration. Key findings include:

e High ozone in the Chattanooga area is associated with relatively high ozone on the prior
day—throughout the region. Thus, day-to-day build up or carryover of ozone is indicated for
high ozone days.

e The surface meteorological parameters indicate a correlation between higher ozone
concentrations and higher temperatures, lower relative humidity, and lower wind speeds.
Southerly surface wind directions are associated with the higher ozone categories.

o The upper-air meteorological parameters indicate that higher 8-hour ozone concentrations
occur with high 850 mb temperatures and stable lapse rates. Compared to all ozone season
days, lower wind speeds and a tendency for more southerly wind directions aloft are also
aligned with higher 8-hour ozone concentrations.

Differences among the exceedance days suggest that the high ozone days comprise a variety
of conditions, especially with respect to:

e Previous day’s maximum ozone concentration.

e Surface and upper-air wind direction.

o Geopotential height/pressure patterns.

The combined differences in wind direction and regional ozone concentrations on the prior day,

especially for the Atlanta area, provide variations on the transport component of 8-hour ozone
for the exceedance bins.

Tri-Cities

A more detailed analysis of the observed ozone data for the Tri-Cities area provided some key
findings.

Analysis of the available ozone data reveals that:

e Both long-term sites recorded exceedances of the 8-hour ozone NAAQS during the 1996-
2002 analysis period, and the Kingsport site tends to slightly higher ozone.

o The average diurnal profiles for ozone exceedance days are characterized by a typical
diurnal profile with a peak concentration during the midday hours.

A detailed analysis of the meteorological conditions associated with high ozone in the Tri-Cities
area was not performed, but it is expected, especially given the similarities between the results
for Nashville and Knoxville and the geographical similarities to Knoxuville, that the meteorological
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conditions associated with ozone exceedances in the Tri-Cities area are similar to those for
Knoxville.

Episode Selection/Simulation Periods

Episode selection for the ATMOS EAC modeling/analysis was based on a review of historical
meteorological and air quality data with emphasis on representing typical ozone exceedance
events in the areas of interest. The episode selection was conducted in stages. First, in 2000, a
primary multi-day simulation period was selected for the ATMOS modeling. This period was
selected to optimize the representation of typical 8-hour ozone exceedance conditions and
concentration levels for all of the areas of interest (which, for ATMOS, included all of the EAC
areas with the exception of the Tri-Cities EAC area). A second multi-day simulation period was
added in 2003, to enhance the robustness of the EAC modeling by including additional days
and types of exceedance conditions. This episode was specifically selected to complement the
first ATMOS simulation period in terms of representing different key meteorological conditions
and providing additional exceedance days for certain areas. Finally, a third multi-day simulation
period was added in 2004, as modeling databases from the State of Arkansas became available
for use in the ATMOS study. This third simulation period includes additional exceedance days
for all of the areas of interest and some variation on the exceedance meteorological conditions
for certain of the areas. It provides important additional exceedance days for the Tri-Cities area.

Overall, the primary objective of the episode selection was to identify and assemble suitable
periods for analysis and modeling related to the 8-hour ozone NAAQS for the ATMOS EAC
areas of interest. Important considerations in selecting (and adding to) the episodes include (1)
representing the range of meteorological conditions that accompany ozone exceedances, (2)
representing the ozone concentration levels that characterize the nonattainment problem (and
result in the designation of nonattainment), and (3) accounting for the frequency of occurrence
of the exceedance meteorological regimes (to avoid using results from infrequent or extreme
events to guide the decision making process).

The approach to episode selection is consistent with current (draft) EPA guidance (EPA, 1999a)
on episode selection for 8-hour ozone attainment demonstration modeling. In this guidance,
EPA lists the following as the most important criteria for choosing episodes:

¢ Monitored ozone concentrations comparable to the severity as implied by the form of the
NAAQS.

e Representation of a variety of meteorological conditions observed to correspond to
monitored ozone concentrations of the severity implied by the form of the NAAQS.

e Data availability.

o Selection of a sufficient number of days so that the modeled attainment test is based on
several days.

EPA also provides several additional (secondary) criteria for episode selection:

o Episodes used in previous modeling exercises.
e Episodes drawn from the period on which the current design value is based.

e Observed concentrations are “close” to the design value for as many sites as possible.
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e Episodes are appropriate for as many of the nonattainment areas as possible (when several
areas are being modeled simultaneously).

e Episodes include weekend days.

Overview of the Methodology

The methodology used for selection of the first and second simulation periods was based on
that developed for a similar study by Deuel and Douglas (1998) and used for the several other
modeling studies including the Gulf Coast Ozone Study (GCOS) (Douglas et al. 2000). In
selecting the first episode, days within the period 1990 to 1999 were considered. In selecting the
second episode, days within the period 1996 to 2002 were considered. In both cases, the days
were classified according to meteorological and air quality parameters using the Classification
and Regression Tree (CART) analysis technique.

CART was applied separately for four of the five EAC areas: Memphis, Nashville, Knoxville, and
Chattanooga. The results were reviewed with respect to classification accuracy and physical
reasonableness. Once acceptable classification results were obtained, the information provided
by CART was used to guide the episode selection.

For each area, the frequency of occurrence of ozone exceedances for each classification type
was then determined. Only certain of the CART bins are associated with 8-hour ozone
exceedances. To use the CART results to guide the episode selection analysis, we identified
the exceedance bins with the most number of correctly classified days and designated these as
key or primary bins. Specifically, we designated the CART bins with at least an average of one
exceedance day per year for the analysis period as key exceedance bins.

An optimization procedure was applied to the selection of multi-day episodes for maximum
achievement of the specified episode selection criteria (as outlined above) for as many areas as
possible. Finally, a more detailed analysis of the episode days with respect to local
meteorological conditions was conducted.

This integrated, multi-variate approach to episode selection ensures that the selected episodes
represent the combined meteorological and air quality conditions associated with frequently
occurring 8-hour ozone events.

The CART results also provide the basis for the development of an integrated “conceptual
model” of 8-hour ozone. By examining the parameters associated with each classification
category, and specifically the parameters and parameter values used to segregate the days into
the various classification bins we can gain insight into the key differences between exceedance
days and non-exceedance days, and the mechanisms contributing to high ozone events. We
used this information on the relationships between air quality and meteorology to develop a
conceptual model of 8-hour ozone for each area of interest, as presented in the previous
section.

CART Application Procedures and Results

CART was applied for the period 1990-1999 and then, later in the course of the study, for the

period 1996-2002. Here we present only the results from the more recent CART analysis in our
discussion of the procedures and results. The procedures were identical for both analyses, the
CART analysis results were comparable in both their content and accuracy, and, in both cases,
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the first (ATMOS) simulation period was easily identified as a very good candidate for regional
scale modeling of the ATMOS region.

CART was applied separately for four of the five EAC areas: Memphis, Nashville, Knoxville, and
Chattanooga. The classification (or dependent) variable for application of CART is daily
maximum 8-hour average ozone concentration for the area of interest (the maximum of all sites
within the area). This variable was assigned a value of 1 to 4, corresponding to a computed
maximum 8-hour average ozone concentration of less than 65, 65 to less than 85, 85 to less
than 105, or greater than or equal to 105 ppb. Thus, Categories 3 and 4 are the exceedance
categories.

The ozone data were obtained from the U.S. EPA Aerometric Information and Retrieval System
(AIRS). Note that sites with partial ozone records (relative to the analysis period) were not used
in the CART analysis. This was done to avoid a changing basis for defining the maximum ozone
concentration (and location), which could make it more difficult for CART to group/classify the
days.

Surface and upper air meteorological data for sites representative of the regions of interest were
obtained from the National Climatic Data Center (NCDC). Meteorological monitoring sites were
assigned to each of the areas based on location and other geographical considerations. The
sites are listed in Table 1-10.

In applying CART, it is necessary to construct a database of independent variables such that
this relationship can be identified. The database that was used for each area consisted of only
data for days for which a valid current-day daily maximum 8-hour ozone concentration for the
area (this is the classification variable) was available. The air quality variables used in the CART
are defined in Table 1-11. The surface meteorological variables used in the CART analysis are
defined in Table 1-12, and the upper-air meteorological variables used the analysis are defined
in Table 1-13.

Table 1-10.
Meteorological Monitoring Sites Used for CART for Each Area

CART Analysis Area Surface Met Monitoring Site Primary Upper-Air Met Monitoring Site

Memphis Memphis Little Rock
Nashville Nashville Nashville
Knoxville Knoxville Nashville
Chattanooga Chattanooga Nashville
Table 1-11.
Air Quality Variables Included in the CART Analysis
Variable Name Description
(area)_8 The classification variable: a value of 1, 2, 3, or 4 depending on whether the maximum 8-hour ozone
- concentration over all sites in the urban area was <65, [65,85), [85,105), or > 105 ppb.
ymx803_(area) Yesterday's maximum 8-hour average ozone concentration in a given area.
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Table 1-12.
Surface Meteorological Variables Included in the CART Analysis

Variable names are generic and vary slightly for each monitoring site.

Variable Name

Description

pmax
rh12
tmax
wh710

wh1013
wh1316
ws710

ws1013
ws1316

Maximum sea level pressure on the present day.

Surface relative humidity at noon.

Maximum surface temperature (°C) for the present day.
Average surface wind direction bin from 0700 to 1000 LST
(1=N, 2=E, 3=S, 4=W, 5=Calm2).

Average surface wind direction bin from 1000 to 1300 LST.
Average surface wind direction bin from 1300 to 1600 LST.
Average surface wind speed ms* from 0700 to 1000 LST.
Average surface wind speed ms* from 1000 to 1300 LST.
Average surface wind speed ms* from 1300 to 1600 LST.

Table 1-13.
Upper-Air Meteorological Variables Included in the CART Analysis

Variable names are generic and vary slightly for each monitoring site.

Variable Name

Description

wh85am

wh85pm
ywh85pm
ws85am
ws85pm
yws85pm
t85am
t85pm
y85pm
rh85am
rh85pm
htthty

ht(s1) (s2)85

delt900

Wind direction bin value of 1 through 5, indicating that the wind direction corresponding to the morning
sounding was from (in degrees) [315, 45), [45, 135),[135, 225), [225, 315), or calm*respectively.

Identical to above, but for the afternoons sounding.

Identical to above, but for the previous afternoon’s sounding.

Upper-air 850 mb wind speed corresponding to the morning sounding.

Upper-air 850 mb wind speed corresponding to the afternoon sounding.

Upper-air 850 mb wind speed corresponding to the previous afternoon’s sounding.
Upper-air 850 mb temperature corresponding to the morning sounding on the current day.

Upper-air 850 mb temperature corresponding to the afternoon sounding on the current day.
Upper-air 850 mb temperature corresponding to the afternoon sounding on the previous day.
Upper-air 850 mb relative humidity corresponding to the morning sounding on the current day.

Upper-air 850 mb relative humidity corresponding to the afternoon sounding on the current day.

Difference between today’s value and the value yesterday of the average of the morning and afternoon
sounding heights above sea level of the 850 mb surface.

The difference between the average of the morning and afternoon sounding heights about the level of the 850
mb surface at site #1 and site #2.

Difference between the temperature at 900 mb and the surface using the morning temperature sounding data.

2 Calm winds are reported as a wind speed of zero.
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Classification accuracy is summarized in Tables 1-14a through d, for each of the four areas. For
Memphis, 78 percent of the days are correctly classified, and 73 percent of the exceedance
days are correctly classified in exceedance bins. For Nashville, 79 percent of the days are
correctly classified, and 82 percent of the exceedance days are correctly classified in
exceedance bins. For Knoxville, these same values are 73 and 78 percent for all days and
exceedance days, respectively. For Chattanooga, classification accuracy is 83 percent for all
days and 80 percent for exceedance days. Most days that are misclassified are placed into a
bin of a neighboring category. In several cases, the exceedance bins contain days that did not
report observed exceedances. One possible reason for this is that while the meteorological
conditions may have been conducive to ozone, high ozone may not have been measured at one
of the monitoring sites. Our goal in applying CART (based on prior applications) was 80 percent
accuracy for both all days and exceedance days. This was met or nearly met for all four areas.

Table 1-14a.
Summary of Classification Accuracy for the Memphis CART Analysis
True Class
1 2 3 4
C 1 596 68 2 0
A 2 131 299 38 0
R 3 3 25 86 0
T 4 0 2 5 16
Table 1-14b.
Summary of Classification Accuracy for Nashville CART Analysis
True Class
1 2 3 4
C 1 597 102 1 0
A 2 70 289 28 0
R 3 6 50 108 0
T 4 0 5 10 15
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Table 1-14c.
Summary of Classification Accuracy for the Knoxville CART Analysis
True Class
1 2 3 4
C 1 311 92 2 0
A 2 106 428 58 0
R 3 3 63 152 1
T 4 1 6 19 39
Table 1-14d.
Summary of Classification Accuracy for the Chattanooga CART Analysis
True Class
1 2 3 4
C 1 716 72 1 0
A 2 80 265 18 0
R 3 4 24 59 0
T 4 2 5 4 12

An important step in the use of the CART results for episode selection is the identification of key
exceedance bins. Key bins were chosen for each ATMOS area based on frequency of
occurrence, with a minimal requirement of at least seven exceedance days in the bin, equivalent
to one day per year for the analysis period. The key bins are used to guide the episode
selection, such that days are preferentially selected from the more populated exceedance bins
and as many key bins as possible are represented. This ensures that the most frequently
occurring conditions as well as the range of conditions associated with ozone exceedances are
represented. The number of key bins for each area is as follows: Memphis — 3, Nashville — 5,
Knoxville — 5, Chattanooga — 3. The average parameter values and the conditions associated
with each key bin are discussed in the previous section on the conceptual description.

Episode Selection Procedures and Results

The episode selection algorithm requires that the candidate modeling episode days be grouped
according to ozone concentration level, and further grouped according to meteorological
characteristics. For this analysis, we used the CART analysis technique to classify and group
the days according to ozone concentration and meteorological conditions. As described above,
all days included in the analysis are placed in classification bins — each corresponding to a
specific ozone concentration range and a particular set of meteorological parameters. For each
area, some number of these bins corresponds to exceedance level 8-hour ozone
concentrations.

The next step in episode selection procedure is to select days that are representative of the key
meteorological regimes (i.e., regimes frequently associated with ozone exceedances, based on
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the number of days in the CART classification bins). Other criteria may also be applied to the
selection of days (e.g., in this case we optimized the possibility that the maximum ozone
concentrations for the days selected to represent an area are within 10 ppb of the design value
for that area, or, alternatively, to maximize the number of sites for which the site-specific
maximum ozone concentration is within 10 ppb of the site-specific design value). These criteria
are optimized across the areas of interest.

The episode selection algorithm makes use of a numerical procedure called simulated
annealing to find an optimal set of days to satisfy a set of episode selection criteria. In applying
this technique, an initial set of days is chosen from a user-provided input list that consists of
days from those CART bins that represent key meteorological/ozone exceedance regimes.
Then individual days from this set are randomly changed. After each substitution, a “cost”
function, which determines how well the episode selection criteria are met, is evaluated. The
formulation of the cost function is described in detail by Deuel and Douglas (1998). If the cost
with the new day is less than the cost with the previous day, the substitution is retained. If the
cost with the new day is higher than the cost with the previous day, there is still some small
probabilistic chance that the change will be retained. This allows the cost function to escape
from a local minimum, until it settles into a minimum close to the global value. The chance of
increasing the cost through substitution of new days, however, diminishes as the algorithm
progresses.

The user must specify a cost function that determines the set of days. In this analysis, the cost
function was designed to (1) minimize the differences between the daily maximum ozone
concentration for the selected days and the design value for each area included in the analysis
and (2) form multi-day episodes (consisting of sequences of consecutive episode days). The
relative importance of (1) and (2) was specified (4:1) to favor representation of the design value.

In applying the episode selection algorithm, we used only days from those bins that had seven
or more exceedance days (one per year) during the analysis period (1996-2002). These are the
key bins or “regimes.”

In identifying the candidate episodes for modeling, we used the 2000-2002 design values for
each area as a reference point®. The design-value-based criterion gave preference to days for
which the maximum ozone concentration was within 10 ppb of the design value (DV) for a given
area. The number of sites with maximum 8-hour ozone concentrations within 10 ppb of the site-
specific design value was also examined, but was not used as an objective criterion in applying
the algorithm.

Each area was considered separately and as part of an integrated analysis, designed such that
the selected episode days are representative of not just one, but several or all of the areas of
interest.

This approach was used to identify the first and second ATMOS episode periods. In selecting
the first episode period, emphasis was placed on meeting the meteorological and design-value
representativeness criteria for as many of the areas of interest and as many simulation days as
possible. The 29 August-9 September 1999 simulation period was selected. In selecting the
second episode period, emphasis was placed on complementing the August/September 1999

3 Note that for the first episode, the 1997-1999 design values were used and that these were generally higher than the 2000-
2002 values, especially for Nashville. This results in the August/September episode being somewhat more severe than the
other episodes.
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simulation period such that the combined episode days improved the extent to which the criteria
were met. We also reviewed ozone concentrations for candidate episode days for the Tri-Cities
area, which was not considered in the full episode selection analysis and gave weight to those
episodes with exceedances in this area. The 16-22 June 2001 simulation period was selected.
The 4-10 July 2002 was a candidate episode for the ATMOS modeling analysis but satisfied
fewer of the criteria than the June 2001 episode. However, this episode was added to the
ATMOS modeling analysis, following the development of databases by ADEQ.

Characteristics of the episodes are summarized for each area in Table 1-15 below.

SAI/ICF Consulting 1-66 Early Action Compact Modeling Analysis
March 30, 2004

04-012



1. Introduction

8-hour NAAQS and key exceedance and similar/neighboring regimes are highlighted in bold.

Table 1-15a.
Summary of ATMOS EAC Modeling Episodes Periods for Memphis.

The 2000-2002 8-hour ozone design value (DV) is 94 ppb. Shading denotes primary episode days with
maximum 8-hour ozone concentrations within 10 ppb of the area-wide design value. Exceedances of the

Memphis No. of area sites w/in
Year Month Day 8-hr O3 10 ppb of 8-hr site- CART Bin
max specific DV
1999 8 29 79.6 1 29
1999 8 30 71.7 0 29
1999 8 31 96 4 17
1999 9 1 87.6 1 25
1999 9 2 95 2 17
1999 9 3 97.9 3 9
1999 9 4 106.8 1 20
1999 9 5 64.9 0 33
1999 9 6 80.8 1 29
1999 9 7 86.6 3 11
1999 9 8 55.3 0 33
1999 9 9 49.3 0 7
2001 6 16 76.5 1 1
2001 6 17 77.6 0 29
2001 6 18 91.4 2 29
2001 6 19 83 2 31
2001 6 20 93.9 3 17
2001 6 21 57.8 0 33
2001 6 22 67.6 0 6
2002 7 4 78 0 17
2002 7 5 83.9 0 29
2002 7 6 78.5 0 18
2002 7 7 82.8 2 29
2002 7 8 100 3 21
2002 7 9 88.1 2 21
2002 7 10 77.5 1 29
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8-hour NAAQS and key exceedance and similar/neighboring regimes are highlighted in bold.

Table 1-15b.
Summary of ATMOS EAC Modeling Episodes Periods for Nashville

The 2000-2002 8-hour ozone design value (DV) is 88 ppb. Shading denotes primary episode days with
maximum 8-hour ozone concentrations within 10 ppb of the area-wide design value. Exceedances of the

Nashville' No. of area sites w/in

Year Month Day 8-hr O3 10 ppb of 8-hr site- CART Bin
max specific DV
1999 8 29 79.9 2 35
1999 8 30 70.3 0 35
1999 8 31 92.1 6 7
1999 9 1 100.4 3 31
1999 9 2 103.1 5 29
1999 9 3 103.1 6 25
1999 9 4 110.1 3 26
1999 9 5 109.6 1 26
1999 9 6 96.8 5 28
1999 9 7 80.5 4 26
1999 9 8 90.3 5 28
1999 9 9 60.1 0 35
2001 6 16 60.3 0 1
2001 6 17 78.3 2 7
2001 6 18 72.9 1 27
2001 6 19 90 6 7
2001 6 20 103.3 5 18
2001 6 21 58.7 0 36
2001 6 22 54.8 0 12
2002 7 4 81.4 2 13
2002 7 5 81.1 1 32
2002 7 6 85.9 4 35
2002 7 7 92.6 5 34
2002 7 8 83.2 1 35
2002 7 9 64.4 0 33
2002 7 10 67 0 9
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Table 1-15c.
Summary of ATMOS EAC Modeling Episodes Periods for Knoxville

The 2000-2002 8-hour ozone design value (DV) is 98 ppb. Shading denotes primary episode days with
maximum 8-hour ozone concentrations within 10 ppb of the area-wide design value. Exceedances of the

8-hour NAAQS and key exceedance and similar/neighboring regimes are highlighted in bold.

Knoxville| No. of area sites w/in

Year Month Day 8-hr O3 10 ppb of 8-hr site- CART Bin
max specific DV
1999 8 29 84.5 1 30
1999 8 30 82.5 1 30
1999 8 31 88.5 2 23
1999 9 1 97.6 2 20
1999 9 2 104.1 4 23
1999 9 3 98.6 4 25
1999 9 4 101.6 7 23
1999 9 5 83.6 0 29
1999 9 6 86.9 0 20
1999 9 7 102.3 2 23
1999 9 8 95.1 6 27
1999 9 9 86.3 0 14
2001 6 16 68 0 3
2001 6 17 81.3 1 11
2001 6 18 95.3 6 23
2001 6 19 100.7 7 16
2001 6 20 103 8 26
2001 6 21 96.8 7 29
2001 6 22 60.8 0 14
2002 7 4 86.5 1 23
2002 7 5 81.1 0 23
2002 7 6 94.5 4 29
2002 7 7 95.8 5 23
2002 7 8 86.3 0 20
2002 7 9 93.8 4 29
2002 7 10 711 0 30
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Table 1-15d.
Summary of ATMOS EAC Modeling Episodes Periods for Chattanooga

The 2000-2002 8-hour ozone design value (DV) is 93 ppb. Shading denotes primary episode days with
maximum 8-hour ozone concentrations within 10 ppb of the area-wide design value. Exceedances of the
8-hour NAAQS and key exceedance and similar/neighboring regimes are highlighted in bold.

No. of area sites

Year Month Day %?hitggﬁgf W/i_n 10 ppt_) _of 8-hr  CART Bin
site-specific DV
1999 8 29 77.3 0 16
1999 8 30 70.6 0 12
1999 8 31 79.3 0 9
1999 9 1 98.1 2 26
1999 9 2 82.4 1 26
1999 9 3 107 1 33
1999 9 4 98.3 2 26
1999 9 5 88.6 2 26
1999 9 6 70 0 26
1999 9 7 89.6 1 15
1999 9 8 93.3 1 26
1999 9 9 62.1 0 28
2001 6 16 48.5 0 1
2001 6 17 74.5 0 9
2001 6 18 82.6 1 13
2001 6 19 89.4 2 26
2001 6 20 99 2 26
2001 6 21 72.5 0 27
2001 6 22 36.3 0 10
2002 7 4 63.4 0 10
2002 7 5 79.4 0 16
2002 7 6 86.8 2 26
2002 7 7 76.9 0 28
2002 7 8 85 1 20
2002 7 9 91.4 2 26
2002 7 10 69.9 0 9
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Table 1-15e.
Summary of ATMOS EAC Modeling Episodes Periods for Tri-Cities

The 2000-2002 8-hour ozone design value (DV) is 92 ppb. Shading denotes primary episode days with
maximum 8-hour ozone concentrations within 10 ppb of the area-wide design value. Exceedances of the
8-hour NAAQS are highlighted in bold.

Tri-Cities  No. of area sites w/in
Year Month Day 8-hr O3 10 ppb of 8-hr site- CART Bin
max specific DV
1999 8 29 65.4 0 NA
1999 8 30 64 0 NA
1999 8 31 54.1 0 NA
1999 9 1 81.9 1 NA
1999 9 2 77.6 0 NA
1999 9 3 57.1 0 NA
1999 9 4 67.1 0 NA
1999 9 5 26.5 0 NA
1999 9 6 24.9 0 NA
1999 9 7 58.8 0 NA
1999 9 8 73.5 0 NA
1999 9 9 61.1 0 NA
2001 6 16 55 0 NA
2001 6 17 72.8 0 NA
2001 6 18 81.5 0 NA
2001 6 19 101.8 1 NA
2001 6 20 87.1 2 NA
2001 6 21 87.9 2 NA
2001 6 22 54.1 0 NA
2002 7 4 54.6 0 NA
2002 7 5 60.5 0 NA
2002 7 6 65.5 0 NA
2002 7 7 91.9 1 NA
2002 7 8 80.5 1 NA
2002 7 9 92.6 1 NA
2002 7 10 69.9 0 NA
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Summary of Modeling Episodes

The three episodes selected for this study each include two start-up days and one clean out
day. The length of each episode was designed to capture the entire high ozone cycle for each
area of interest as influence by the synoptic and mesoscale meteorological conditions. The
episodes also include both weekdays and weekend days. The three selected episodes include:

o 29 August—9 September 1999, Sunday—Thursday.
e 16-22 June 2001, Saturday—Friday.
e 4-10 July 2002, Thursday—Wednesday.

Area-specific observations are summarized below.

Memphis

The three modeling episodes include 10 exceedance days and represent two of the three key
exceedance meteorological regimes as well as several other high ozone regimes for Memphis.
The episodes also include:

¢ Nine exceedance days with maximum 8-hour ozone concentrations within 10 ppb of the
2000-2002 design value.

o Four additional near-exceedance days.
¢ A range of 8-hour ozone exceedance concentrations from 86 to 106 ppb.

e An average 8-hour ozone exceedance concentration of 94 ppb.

Nashville

The three modeling episodes include 12 exceedance days and represent four of the five key
exceedance meteorological regimes for Nashville. The episodes also include:

o Six exceedance days with maximum 8-hour ozone concentrations within 10 ppb of the 2000—
2002 design value (note that the 1999 episode was originally selected using the 1999 design
value of 102 ppb—so many of the days are consistent with the design value during the
1997-1999 design value period, but not with the lower design value for 2000-2002).

e Four additional near-exceedance days.
¢ A range of 8-hour ozone exceedance concentrations from 85 to 110 ppb.

e An average 8-hour ozone exceedance concentration of 98 ppb.

Knoxville

The three modeling episodes include 18 exceedance days and represent four of the five key
exceedance meteorological regimes as well as several other high ozone regimes for Knoxuville.
The episodes also include:

e Fourteen exceedance days with maximum 8-hour ozone concentrations within 10 ppb of the
2000-2002 design value.
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o Five additional near-exceedance days.
¢ A range of 8-hour ozone exceedance concentrations from 86 to 104 ppb.

e An average 8-hour ozone exceedance concentration of 95 ppb.

Chattanooga

The three modeling episodes include 11 exceedance days and represent two of the three key
exceedance meteorological regimes for Chattanooga. The episodes also include:

o Ten exceedance days with maximum 8-hour ozone concentrations within 10 ppb of the 2000-
2002 design value.

o Two additional near-exceedance days.
¢ A range of 8-hour ozone exceedance concentrations from 85 to 107 ppb.

e An average 8-hour ozone exceedance concentration of 93 ppb.

Tri-Cities

The three modeling episodes include five exceedance days for the Tri-Cities area. The episodes
also include:

¢ Five exceedance days with maximum 8-hour ozone concentrations within 10 ppb of the
2000-2002 design value.

o Three additional near-exceedance days.
¢ A range of 8-hour ozone exceedance concentrations from 87 to 101 ppb.

e An average 8-hour ozone exceedance concentration of 92 ppb.

Report Contents

The remainder of this document summarizes the methods and results of the ATMOS EAC
photochemical modeling analysis. Section 2 references the EAC modeling protocol, which is
included as an appendix. Section 3 presents a summary of the base-case emissions inventory
preparation. Section 4 presents the meteorological modeling and input preparation, and Section
5 summarizes the air quality, land-use, and chemistry inputs. Section 6 presents the model
performance evaluation. Section 7 presents the future-year modeling analysis. Section 8
presents the modeled attainment demonstration and Section 9 presents an evaluation of
maintenance for 2012. Section 10 provides a summary of review procedures followed in the
analysis. Finally, Section 11 presents a summary of data access procedures.
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2. Modeling Protocol

The modeling protocol document for the ATMOS EAC 8-hour ozone attainment demonstration
modeling analysis was prepared in May 2003. The protocol document provides information
regarding the organizational structure of the modeling study, study participants, communication
structures, and the resolution of technical difficulties. It also provides detailed information on
each element of the modeling analysis including selection of the primary modeling tools,
methods and results of the episode selection analysis, modeling domain, model input
preparation procedures, model performance evaluation, use of diagnostic and sensitivity
analysis, future-year modeling, application of the EPA ozone attainment demonstration
procedures, and documentation procedures. Archival and data acquisition procedures are also
outlined in this document. The modeling protocol document is provided in Appendix A and is
also available as a separate document (SAl, 2003).
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3. Base-Case Modeling Emission Inventory
Preparation

This section discusses the development of the base- and current-year emission inventories for
the three ATMOS modeling episode periods. The general procedures followed and emission-
processing tools used in preparing these inventories are summarized in the ATMOS EAC
modeling protocol (SAl, 2003).

For ease of reading, all figures and tables follow the text of this section.

Emissions Data

The modeling inventories for the ATMOS 2001 base- and current-year episodes were prepared
based on the following information:

e Final 1999 National Emission Inventory (NEI) Version 2.
o Emissions data provided by states or counties for specific years.

e Episode-day-specific emissions data provided by individual facilities.

The 1999 NEI inventory includes annual and ozone season daily (available for some of the
source categories and states) emissions for oxides of nitrogen (NOy), volatile organic
compounds (VOC), carbon monoxide (CO), sulfur dioxide (SO,), particulate matter with a
diameter less than 10 and 2.5 microns (PM;, and PM,5) and ammonia (NH3).

Efforts were made to obtain the latest information available for each state in the modeling
domain and to incorporate these data into the modeling inventory as permitted by the EAC
schedule and resource limitations. The updates received are presented below.

Overview of Emissions Processing Procedures

To facilitate development of the detailed emission inventories required for photochemical
modeling for this analysis, EPA’s UAM Emission Preprocessor System, Version 2.5 (EPS 2.5)
was used. This system, developed by SAl under the sponsorship of the EPA’s Office of Air
Quality Planning and Standards, consists of series of computer programs designed to perform
the intensive data manipulation necessary to adapt a county-level annual or seasonal emission
inventory for modeling use. EPS 2.5 provides the capabilities, and allows for the evaluation of
proposed control measures for meeting Reasonable Further Progress (RFP) regulations and
special study concerns.

The core EPS 2.5 system consists of a series of FORTRAN modules that incorporate spatial,
temporal, and chemical resolution into an emission inventory used for photochemical modeling.
Point, area, non-road and on-road mobile source emissions data were processed separately
through the EPS 2.5 system to facilitate both data tracking for quality control and the use of data
in evaluating the effects of alternative proposed control strategies on predicted future air
pollutant concentrations.
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Chemical Speciation

All point, area, non-road mobile, and on-road motor vehicle emissions were chemically
speciated from VOC into the Carbon Bond Mechanism species corresponding to the toxics
version of the mechanism (CB-IV-tox), then converted to the CB-V species corresponding to the
latest version of the mechanism (SAI, 2002). The CB-IV speciation profiles were generated
based on the toxic compounds database, and profile weights data file prepared for a previous
study (Ligocki et al., 1992, Ligocki and Whitten, 1992). The VOC speciation profile assignments
and VOC to THC conversion factors have been updated using the latest information provided by
EPA (EPA, 2002a)

Temporal Allocation

The temporal variation profiles (monthly, weekly, and diurnal) assigned in the EPS 2.5 default
input files for the area and non-road mobile source categories were included in the modeling
inventory. The default temporal profiles and profile assignments to the source categories have
been updated using the latest information provided by EPA (EPA, 2001). If peak ozone season
emissions data were provided in the input inventory, no additional seasonal adjustments were
applied.

For on-road motor vehicles, the default weekly and diurnal profiles provided with EPS 2.5 were
used to allocate daily emission rates by hour.

The operating schedule (month/year, days/week and hours/day) information included in the
point-source input data for each source was processed through EPS 2.5 utility to generate
source-specific weekly and diurnal temporal variation profiles. These profiles were used to
allocate the annual emissions to the daily emissions, adjust the daily emission rates for the day
of the week, and to allocate the adjusted daily emissions to the hours of the episode day.

Episode-specific hourly emission rates (e.g., point-source data provided by Southern Company)
were incorporated directly into the modeling inventory.

Spatial Allocation

Point-source emissions were directly assigned to grid cells based on the source location
coordinates included in the input emissions data for each source.

County-level area and non-road mobile emissions were allocated to grid cells using a
combination of gridded spatial allocation surrogates and link locations. The gridded spatial
allocation surrogates file includes fractions by grid cell of county area, population, and land-use
for each county. To prepare this file, SAl obtained gridded land-use data from the United States
Geological Survey (USGS, 1990). The land-use database, which has a spatial resolution of
approximately 200 by 200 meters, includes data for over 30 land-use categories. These
categories were combined with the land-use categories required by EPS 2.5 (e.g., urban, rural,
residential, agriculture, deciduous forest, coniferous forest, water and etc.). Population data
from the Census Bureau for 2000 were gridded based on the location of the centroid of each
census block and included in the spatial allocation surrogate file.

County-level on-road mobile emissions were allocated to grid cells using gridded roadway type
and population. This file was prepared based on the Tiger/Line database (U.S. Census Bureau,
1993, 1994). The link data for limited access primary roads, primary roads without limited
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access, and secondary roads were extracted from the database, and used to generate the
gridded roadway type surrogate file. The airport location data from the database was used to
spatially allocate the emissions from aircraft.

The spatial distribution surrogate assignments for area source categories have been updated
using the latest information provided by EPA (EPA, 2002b).

Preparation of the Area and Non-Road Emission Inventory
Component

Area and non-road source emissions for all the states included in the ATMOS modeling domain
were generated based on the 1999 NEI| Ozone Season Daily estimates with the following
exceptions:

e 2001 area source data provided by Davidson County, Tennessee.

e 2000 area and non-road source data for four counties in Little Rock area (Faulkner, Lonoke,
Pulaski and Saline Counties) provided by ADEQ.

e 2000 area and non-road source data for State of Texas provided by the Texas Commission
on Environmental Quality (TCEQ).

County-level emissions estimates for the majority of non-road source emissions were developed
using EPA’s Draft NONROAD2002a model (EPA, 2003) with the monthly maximum, minimum
and average temperatures (calculated from the 1970-2000 30-year historical averages) by state
for the episode period. Aircraft, commercial marine and locomotives were not included in the
NONROAD model, and the emissions for the categories were taken from the 1999 NEI Version
2 data.

Modifications were made to the 1999 NEI data to correct identified errors or make some
improvements to the database. The details are as follows:

e The emissions from commercial marine vessels in the Pensacola area (Escambia, Santa
Rosa, Okaloosa and Walton counties in State of Florida; and Baldwin and Mobile counties in
State of Alabama) were estimated based on the Peninsular Florida Ozone Study (Alpine
Geophysics, 2003), and the emissions were spatially allocated to the shipping lanes.

e Used the NET 96 version 3 emission estimates for aircraft for Escambia and Santa Rosa
counties, Florida (there are no aircraft emissions data for Santa Rosa County, and very low
values for aircraft emissions for Escambia County in NEI99 Version 2 data base).

¢ Used the emission estimates for railroad for Pickens and Tuscaloosa counties, Alabama
provided by ADEM.

e Used the emission estimates for commercial marine vessels for East Baton Rouge and
Iberville Parishes, Louisiana provided in 1997/1999 LDEQ data

Preparation of the Mobile-Source Emission Inventory
Component

The county-level emission estimates for the on-road mobile source emissions were developed
using MOBILES.
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For States of Alabama, Arkansas, Florida, Georgia, Louisiana, Mississippi, South Carolina,
North Carolina, Tennessee and Texas, state provided county-level daily VMT data, and 30-year
historical average temperatures and humidity data for each month of the episode periods were
used for the MOBILEG runs. The details of state VMT data are as follows:

o States of Alabama (2000) and Arkansas (2000): VMT data prorated to 2001 using formulas
provided by the states.

o States of Florida, Georgia, Mississippi, South Carolina, North Carolina, Tennessee and
Texas: 2001 VMT data.

e State of Louisiana: 2000 VMT data.

For the other states within the modeling domain, the 2000 state-level VMT data provided by the
Federal Highway Administration (FHWA) along with seasonal average temperatures were used
for the MOBILESG runs. The state-level VMT data were distributed to the county-level using the
2000 Census population as a surrogate.

The MOBILES input files were used to generate the emission factors for total organic gasses
(TOG), NO,, and CO. The county-level emissions were calculated for each vehicle class and
roadway classification by multiplying the appropriate emission factor from MOBILEG by the
county-level VMT for that vehicle class and roadway classification using the program MVCALC.

Preparation of Point-Source Emission Inventory Component

The point source emissions were generated based on the following databases:

State of Tennessee
e 2001 point source data provided by Davidson County.
e 2000/2001 point source data provided by Knox County.

e 2001 point source data provided by Hamilton County (NEI99 Version 2 data with 1999 to
2001 facility closures).

e 2002 point source data provided by Shelby County.
¢ 1999 point source data for rest of 91 counties provided by University of Tennessee.

e 2001 point source data provided by Eastman Chemical Company located in Sullivan County,
Tennessee.

o Gas compressor facility data provided by the various facilities, including actual emissions for
large gas compressor stations for August/September 1999 and June 2001; actual 2001
emissions for small compressor stations; and revised stack parameters.

State of Mississippi
e 2001 point source data provided by MDEQ.
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State of Texas
e 2000 point source data provided by TCEQ.

Facility-Specific Point Source Data

e Hourly day-specific data for June 2001 episode provided by Southern Company, which were
also used for the current year inventories of the September 1999 and July 2002 episodes
using day of week matches.

¢ Hourly day-specific data for June 2001 episode provided by TVA, which were also used for
the current year inventories for the September 1999 and July 2002 episodes using day of
week matches..

e Hourly day-specific data for June 2001 episode for three Entergy facilities (Independence,
White Bluff and R S Nelson) provided by Entergy, which were also used for the current year
inventories for the September 1999 and July 2002 episodes using day of week matches..

Other States

e 1999 NEI Version 2 point source data for other states.

The temporal profiles were applied to the annual emissions for each episode period.

The episode-specific point source data included hourly emission rates, and the information was
used to calculate daily emissions, and create the episode-specific diurnal profiles for each
source for each episode day. In addition to the location, stack height, and exit diameter, the
point source data provided by Southern Company included hourly flow rate and exit temperature
for each source, and this information was incorporated in the modeling inventory.

Estimation of Biogenic Emissions

The EPA’s Biogenic Emission Inventory System (BEIS-2) was used to estimate day-specific
biogenic emissions for the modeling analysis with the Version 3.1 of the Biogenic Emissions
Landcover Database (BELD3). Gridded surrogates of land use/vegetation information were
created at 4-km resolution for the entire modeling domain based on the 1-km BELD3 data.
Biogenic emissions were then calculated using the 4-km resolution information. The use of
BEIS-2 with the new high-resolution land use database is referred to as BEIS-2+. Temperature
and solar radiation estimates were extracted from the output of the MM5 meteorological model.

Quality Assurance

Two levels of quality assurance were performed in preparing the emissions inventory. The first
regards the inherent quality of the data input to EPS 2.5. The base year inventory database
used to develop the UAM-V modeling inventories, along with the available documentation were
reviewed. The review consist of an overall assessment of the inventory to ensure that the
minimum data requirements and quality standards set forth in Emission Inventory Requirements
for Ozone State Implementation Plans (EPA-450/4-91-010, March 1991) are met. For example,
emissions summaries were made for area and point sources from NEI 99 Version 2 database
for the ATMOS states, compared with emissions from NET 96 Version 3 database and available
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state-specific data. It was concluded that point source data provided by MDEQ include more
complete information for stack parameters, and the MDEQ point source data were used for
State of Mississippi instead of NEI 99 Version 2 database.

The second phase of this effort involved verifying that all required processing steps were
completed in an appropriate order. For the future-year modeling inventory, the review focused
on the control assumptions and projection factors used to estimate future-year emission rates.
The summary message files produced by each EPS 2.5 module were reviewed to identify any
warning or error messages indicating potential problems in processing and to verify input and
output emission totals for each processing step.

Graphic representations of the spatial variation in each component (e.g., area source emissions,
biogenic emissions) of the final UAM-V ready modeling inventory files were prepared and
reviewed for reasonableness.

After the inventory components were completed and merged, the emissions were summarized
by major inventory component for all grids in the modeling domain for each of the episode days.
The final review was performed before the UAM-V modeling.

Summary of the Modeling Emission Inventories

The emission summaries for the base- and current-year emissions for the two ATMOS episodes
are presented in Table 3-1 through Table 3-6

e Table 3-1 through Table 3-3 for the base case August/September 1999 episode.
e Table 3-4 through Table 3-6 for the current-year June 2001 episode.
e Table 3-7 through Table 3-9 for the current-year July 2002 episode.

The emission summaries are given by species (NO,, VOC and CO) and by major source
category. The low-level emissions include anthropogenic (area, non-road, on-road motor
vehicle, and low-level point sources) and biogenic sources. The units are in tons per day.

Graphical depictions of the emissions are provided for Grid 3 in various figures that follow the
tables. Biogenic VOC emission estimates derived using the BEIS-2+ algorithm differ by episode
day due to different ambient temperatures. Figure 3-1 presents emission density plot of biogenic
VOC emissions for one representative day for the June 2001 episode.

Anthropogenic emissions do not vary as much day-to-day as biogenic emissions. Figures 3-2a
and 3-2b present NOx and VOC emission density plots for total low-level anthropogenic
emissions, respectively, for 18 June 2001, illustrating emissions for a typical weekday for the
episode. Figures 3-3a and 3-3b present NO, and VOC emissions, respectively, for elevated
point sources for 18 June 2001 for ATMOS Grid 1. The locations of the circles depict the
location of the sources while the size of the circles represents the magnitude of the emissions.
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Table 3-1.
Summary of August/September Current-Year (2001) Emissions (tons/day) in Grid 1.

NOX 010829 010830 010831 010901 010902 010903 010904 010905 010906 010907 010908 010909
Area 1927 2111 2111 2111 2111 2111 1989 1927 1927 2111 2111 2111
Motor vehicle 8395 10094 10294 10194 10394 11094 9595 8395 8395 10294 10194 10394
Non-road 4627 5850 5850 5850 5850 5850 4627 4627 4627 5850 5850 5850
Low-level point 1717 1840 1840 1840 1840 1840 1760 1717 1717 1840 1840 1840
Biogenic 3411 3014 3040 3319 3475 3421 3406 3248 3239 3177 3016 2809
Al low-level 20078 22910 23135 23314 23670 24316 21376 19914 19905 23272 23012 23004
Elevated point 13454 14628 14648 14632 14630 14542 14186 13454 13454 14648 14632 14630
Total Anthropogenic 30121 34524 34743 34628 34825 35437 32155 30121 30121 34743 34628 34825
TOTAL 33532 37538 37782 37946 38300 38858 35561 33369 33360 37920 37644 37635

vOoC 010829 010830 010831 010901 010902 010903 010904 010905 010906 010907 010908 010909
Area 12648 12652 12652 12652 12652 12652 12649 12648 12648 12652 12652 12652
Motor vehicle 5938 7140 7281 7211 7352 7847 6787 5938 5938 7281 7211 7382
Non-road 3758 2461 2461 2461 2461 2461 3758 3758 3758 2461 2461 2461
Low-level point 1897 2839 2839 2839 2839 2839 2081 1897 1897 2839 2839 2839
Biogenic 136177 93572 88106 97692 99489 96235 91448 84182 96556 92786 85907 72467
Al low-level 160419 118665 113340 122855 124794 122034 116724 108424 120798 118020 111070 97771
Elevated point 514 611 611 611 610 609 544 514 514 611 611 610
Total Anthropogenic 24756 25704 25845 25775 25915 26409 25819 24756 24756 25845 25775 25915
TOTAL 160933 119276 113951 123466 125405 122644 117267 108938 121312 118632 111681 98382

co 010829 010830 010831 010901 010902 010903 010904 010905 010906 010907 010908 010909
Area 10853 10904 10904 10904 10904 10904 10870 10853 10853 10904 10904 10904
Motor vehicle 57871 69584 70961 70273 71650 76473 66139 57871 57871 70961 70273 71650
Non-road 31028 29499 29499 29499 29499 20499 31028 31028 31028 29499 29499 29499
Low-level point 3215 3508 3508 3508 3508 3508 3315 3215 3215 3508 3508 3508
Al low-level 102968 113495 114873 114184 115562 120384 111352 102968 102968 114873 114184 115562
Elevated point 4392 4713 4712 4709 4706 4696 4614 4392 4392 4712 4709 4706
Total Anthropogenic 107360 118208 119585 118893 120268 125080 115966 107360 107360 119585 118893 120268
TOTAL 107360 118208 119585 118893 120268 125080 115966 107360 107360 119585 118893 120268
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Table 3-2.
Summary of August/September Current-Year (2001) Emissions (tons/day) in Grid 2

NOX 010829 010830 010831 010901 010902 010903 010904 010905 010906 010907 010908 010909
Area 905 997 997 997 997 997 936 905 905 997 997 997
Motor vehicle 3581 4306 4391 4349 4434 4732 4093 3581 3581 4391 4349 4434
Non-road 1785 2236 2236 2236 2236 2236 1785 1785 1785 2236 2236 2236
Low-level point 626 670 670 670 670 670 640 626 626 670 670 670
Biogenic 1074 928 880 959 969 960 993 990 1002 952 900 858
All low-level 7971 9138 9175 9212 9307 9597 8447 7887 7899 9248 9153 9196
Elevated point 6048 6276 6280 6286 6290 6204 6182 6048 6048 6280 6286 6290
Total Anthropogenic 12945 14486 14576 14539 14628 14841 13636 12945 12945 14576 14539 14628
TOTAL 14018 15414 15455 15499 15597 15801 14629 13935 13947 15528 15440 15485

vOoC 010829 010830 010831 010901 010902 010903 010904 010905 010906 010907 010908 010909
Area 5292 5293 5293 5293 5293 5293 5292 5292 5292 5293 5293 5293
Motor vehicle 2328 2799 2854 2827 2882 3076 2660 2328 2328 2854 2827 2882
Non-road 1390 900 900 900 900 900 1390 1390 1390 900 900 900
Low-level point 800 1278 1278 1278 1278 1278 895 800 800 1278 12718 1278
Biogenic 84768 58404 52616 57869 57446 57926 63006 52505 61920 57271 52025 41736
Al low-level 94577 68673 62941 68166 67799 68472 73243 62314 71729 67596 62323 52089
Elevated point 224 217 277 217 217 216 239 224 224 217 217 217
Total Anthropogenic 10034 10547 10602 10574 10630 10823 10477 10034 10034 10602 10574 10630
TOTAL 94801 68950 63218 68443 68076 68749 73482 62538 71953 67873 62600 52366

co 010829 010830 010831 010901 010902 010903 010904 010905 010906 010907 010908 010909
Area 5668 5690 5690 5690 5690 5690 5675 5668 5668 5690 5690 5690
Motor vehicle 24192 29089 29665 29377 29953 31969 27649 24192 24192 29665 29377 29953
Non-road 10911 10584 10584 10584 10584 10584 10911 10911 10911 10584 10584 10584
Low-level point 1056 1112 1112 1112 1112 1112 1076 1056 1056 1112 112 1112
All low-level 41827 46474 47050 46762 47338 49354 45310 41827 41827 47050 46762 47338
Elevated point 1614 1692 1689 1686 1684 1678 1642 1614 1614 1689 1686 1684
Total Anthropogenic 43442 48166 48740 48448 49022 51032 46953 43442 43442 48740 48448 49022
TOTAL 43442 48166 48740 48448 49022 51032 46953 43442 43442 48740 48448 49022
SAI/ICF Consulting 3-8 Early Action Compact Modeling Analysis

04-012

March 30, 2004



3. Base-Case Modeling Emission Inventory Preparation

Table 3-3.
Summary of August/September Current-Year (2001) Emissions (tons/day) in Grid 3.

NOX 010829 010830 010831 010901 010902 010903 010904 010905 010906 010907 010908 010909
Area 269 293 293 293 293 293 21 269 269 293 293 293
Motor vehicle 1718 2066 2107 2087 2127 227 1964 1718 1718 2107 2087 2127
Non-road 673 874 874 874 874 874 673 673 673 874 874 874
Low-level point 126 139 139 139 139 139 130 126 126 139 139 139
Biogenic 378 336 314 353 317 375 362 363 358 346 327 306
Al low-level 3163 3707 3727 3744 3810 3951 3406 3148 3143 3758 3719 3738
Elevated point 1783 1926 1936 1910 1920 1885 1860 1783 1783 1936 1910 1920
Total Anthropogenic 4568 5297 5349 5302 5353 5461 4903 4568 4568 5349 5302 5353
TOTAL 4946 5633 5663 5655 5730 5836 5266 4931 4926 5694 5629 5658

vOoC 010829 010830 010831 010901 010902 010903 010904 010905 010906 010907 010908 010909
Area 2252 2253 2253 2253 2253 2253 2253 2252 2252 2253 2253 2253
Motor vehicle 1042 1253 1278 1266 1291 1377 1191 1042 1042 1278 1266 1291
Non-road 640 412 412 412 412 412 640 640 640 412 412 412
Low-level point 314 498 498 498 498 498 359 314 314 498 498 498
Biogenic 33636 25595 21501 26083 28484 28505 29671 24904 25682 25391 24251 16207
Al low-level 37884 30012 25943 30513 32938 33046 34113 29153 29931 29833 28680 20661
Elevated point 118 145 145 145 145 145 121 118 118 145 145 145
Total Anthropogenic 4366 4562 4587 4574 4599 4686 4564 4366 4366 4587 4574 4599
TOTAL 38002 30157 26088 30657 33083 33191 34234 29270 30048 29978 28825 20806

co 010829 010830 010831 010901 010902 010903 010904 010905 010906 010907 010908 010909
Area 2302 2309 2309 2309 2309 2309 2304 2302 2302 2309 2309 2309
Motor vehicle 11283 13566 13835 13701 13969 14909 12895 11283 11283 13835 13701 13969
Non-road 5030 4932 4932 4932 4932 4932 5030 5030 5030 4932 4932 4932
Low-level point 195 213 213 213 213 213 203 195 195 213 213 213
All low-level 18810 21021 21289 21155 21424 22364 20433 18810 18810 21289 21155 21424
Elevated point 795 854 854 853 854 852 803 795 795 854 853 854
Total Anthropogenic 19605 21875 22143 22008 22278 23216 21236 19605 19605 22143 22008 22278
TOTAL 19605 21875 22143 22008 22278 23216 21236 19605 19605 22143 22008 22278
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Table 3-4.
Summary of June 2001 Base Case Emissions (tons/day) in Grid 1.

NOX 010616 010617 010618 010619 010620 010621 010622
Area 1989 1927 2111 2111 2111 2111 2111
Motor vehicle 9584 8386 10083 10282 10183 10382 11081
Non-road 5484 5484 7127 7127 7127 7127 7127
Low-level point 1790 1746 1860 1860 1860 1860 1860
Biogenic 3468 3466 3640 3313 2979 2964 2958
All low-level 22314 21009 24821 24694 24260 24444 25138
Elevated point 15228 14447 15738 15758 15743 15740 15652
Total Anthropogenic 34073 31989 36920 37139 37024 37221 37832
TOTAL 37542 35455 40560 40452 40003 40185 40790

VOC 010616 010617 010618 010619 010620 010621 010622
Area 12649 12648 12652 12652 12652 12652 12652
Motor vehicle 6839 5984 7195 7337 7266 7408 7907
Non-road 6897 6897 3591 3501 3591 3501 3501
Low-level point 2082 1900 2831 2831 2831 2831 2831
Biogenic 132346 140983 155781 121735 96098 83973 78561
All low-level 160813 168411 182050 148146 122438 110456 105542
Elevated point 548 518 607 607 607 606 605
Total Anthropogenic 29014 27945 26875 27018 26947 27088 27586
TOTAL 161360 168928 182657 148753 123045 111062 106147

CcOo 010616 010617 010618 010619 010620 010621 010622
Area 10870 10853 10904 10904 10904 10904 10904
Motor vehicle 66566 58245 70032 71419 70726 72113 76966
Non-road 48550 48550 40822 40822 40822 40822 40822
Low-level point 3338 3239 3552 3552 3552 3552 3552
All low-level 129324 120887 125310 126697 126004 127391 132244
Elevated point 4654 4434 4753 4752 4749 4746 4735
Total Anthropogenic 133978 125321 130064 131449 130752 132136 136980
TOTAL 133978 125321 130064 131449 130752 132136 136980
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Table 3-5.
Summary of June 2001 Base Case Emissions (tons/day) in Grid 2.

NOX 010616 010617 010618 010619 010620 010621 010622
Area 936 905 997 997 997 997 997
Motor vehicle 4082 3571 4294 4379 4337 4422 4719
Non-road 2017 2017 2567 2567 2567 2567 2567
Low-level point 638 623 670 670 670 670 670
Biogenic 1009 1075 1116 1063 980 912 869
All low-level 8681 8192 9645 9677 9552 9569 9824
Elevated point 6667 6531 6759 6764 6770 6773 6688
Total Anthropogenic 14339 13647 15288 15378 15341 15430 15642
TOTAL 15348 14723 16404 16441 16321 16342 16511

VOC 010616 010617 010618 010619 010620 010621 010622
Area 5292 5292 5293 5293 5293 5293 5293
Motor vehicle 2702 2364 2843 2899 2871 2927 3124
Non-road 2412 2412 1233 1233 1233 1233 1233
Low-level point 898 803 1274 1274 1274 1274 1274
Biogenic 82542 93498 100850 76477 61065 50946 43749
All low-level 93846 104369 111493 87176 71736 61674 54674
Elevated point 241 226 271 271 271 271 270
Total Anthropogenic 11546 11097 10914 10970 10942 10998 11195
TOTAL 94088 104595 111764 87447 72007 61944 54944

CO 010616 010617 010618 010619 010620 010621 010622
Area 5675 5668 5690 5690 5690 5690 5690
Motor vehicle 27988 24490 29446 30029 29738 30321 32362
Non-road 15862 15862 13329 13329 13329 13329 13329
Low-level point 1078 1058 1118 1118 1118 1118 1118
All low-level 50604 47079 49583 50166 49875 50458 52499
Elevated point 1655 1627 1701 1698 1695 1693 1687
Total Anthropogenic 52259 48706 51284 51865 51569 52151 54186
TOTAL 52259 48706 51284 51865 51569 52151 54186
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Table 3-6.
Summary of June 2001 Base Case Emissions (tons/day) in Grid 3.

NOX 010616 010617 010618 010619 010620 010621 010622
Area 277 269 293 293 293 293 293
Motor vehicle 1960 1715 2062 2103 2082 2123 2266
Non-road 747 47 974 974 974 974 974
Low-level point 132 129 142 142 142 142 142
Biogenic 350 389 400 391 374 336 307
All low-level 3465 3247 3871 3903 3865 3868 3983
Elevated point 1929 1852 1996 2006 1980 1990 1955
Total Anthropogenic 5045 4711 5467 5518 5471 5522 5630
TOTAL 5395 5099 5867 5909 5845 5858 5938

VOC 010616 010617 010618 010619 010620 010621 010622
Area 2253 2252 2253 2253 2253 2253 2253
Motor vehicle 1215 1063 1279 1304 1291 1317 1405
Non-road 1023 1023 530 530 530 530 530
Low-level point 364 319 503 503 503 503 503
Biogenic 32242 38969 39530 33605 31571 24887 16452
All low-level 37096 43626 44094 38195 36148 29489 21143
Elevated point 122 118 137 137 137 137 137
Total Anthropogenic 4976 4775 4701 4727 4714 4739 4828
TOTAL 37217 43744 44231 38331 36285 29626 21280

CO 010616 010617 010618 010619 010620 010621 010622
Area 2304 2302 2309 2309 2309 2309 2309
Motor vehicle 13089 11453 13770 14043 13907 14179 15134
Non-road 6651 6651 5729 5729 5729 5729 5729
Low-level point 200 191 211 211 211 211 211
All low-level 22243 20596 22020 22293 22156 22429 23383
Elevated point 802 794 848 848 847 848 846
Total Anthropogenic 23045 21390 22868 23140 23003 23277 24230
TOTAL 23045 21390 22868 23140 23003 23277 24230
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Table 3-7.
Summary of July 2002 Current-Year (2001) Emissions (tons/day) in Grid 1.

NOX 010704 010705 010706 010707 010708 010709 010710
Area 1927 2111 1989 1927 2111 2111 2111
Motor vehicle 8340 11021 9531 8340 10028 10226 10127
Non-road 5398 6995 5398 5398 6995 6995 6995
Low-level point 1746 1860 1790 1746 1860 1860 1860
Biogenic 4236 3944 3766 3962 4238 4206 3747
All low-level 21648 25931 22474 21373 25233 25399 24841
Elevated point 14447 15652 15228 14447 15738 15758 15743
Total Anthropogenic 31858 37640 33936 31858 36733 36951 36836
TOTAL 36094 41584 37702 35820 40971 41157 40583

VOC 010704 010705 010706 010707 010708 010709 010710
Area 12648 12652 12649 12648 12652 12652 12652
Motor vehicle 6044 7986 6907 6044 7267 7411 7339
Non-road 6725 3518 6725 6725 3518 3518 3518
Low-level point 1900 2831 2082 1900 2831 2831 2831
Biogenic 145738 141756 139354 149280 157141 141002 119165
All low-level 173055 168743 167718 176596 183408 167414 145504
Elevated point 518 605 548 518 607 607 607
Total Anthropogenic 27834 27592 28911 27834 26875 27019 26947
TOTAL 173573 169348 168266 177114 184015 168021 146111

CO 010704 010705 010706 010707 010708 010709 010710
Area 10853 10904 10870 10853 10904 10904 10904
Motor vehicle 58780 77674 67178 58780 70676 72076 71376
Non-road 47454 39912 47454 47454 39912 39912 39912
Low-level point 3239 3552 3338 3239 3552 3552 3552
All low-level 120326 132042 128840 120326 125044 126444 125744
Elevated point 4434 4735 4654 4434 4753 4752 4749
Total Anthropogenic 124760 136777 133494 124760 129797 131196 130492
TOTAL 124760 136777 133494 124760 129797 131196 130492
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Table 3-8.
Summary of July 2002 Current-Year (2001) Emissions (tons/day) in Grid 2.

NOX 010704 010705 010706 010707 010708 010709 010710
Area 905 997 936 905 997 997 997
Motor vehicle 3535 4672 4041 3535 4251 4335 4293
Non-road 1987 2521 1987 1987 2521 2521 2521
Low-level point 623 670 638 623 670 670 670
Biogenic 1203 1179 1137 1124 1166 1198 1145
All low-level 8254 10040 8738 8175 9606 9722 9627
Elevated point 6531 6688 6667 6531 6759 6764 6770
Total Anthropogenic 13582 15548 14268 13582 15199 15287 15252
TOTAL 14784 16727 15405 14706 16365 16486 16396

VOC 010704 010705 010706 010707 010708 010709 010710
Area 5292 5293 5292 5292 5293 5293 5293
Motor vehicle 2407 3181 2751 2407 2894 2951 2923
Non-road 2352 1209 2352 2352 1209 1209 1209
Low-level point 803 1274 898 803 1274 1274 1274
Biogenic 87514 90505 90960 92573 96242 92838 76053
All low-level 98367 101463 102253 103427 106912 103566 86752
Elevated point 226 270 241 226 271 271 271
Total Anthropogenic 11080 11227 11534 11080 10942 10999 10970
TOTAL 98594 101733 102495 103653 107183 103836 87023

CcOo 010704 010705 010706 010707 010708 010709 010710
Area 5668 5690 5675 5668 5690 5690 5690
Motor vehicle 24860 32850 28411 24860 29891 30483 30187
Non-road 15502 13037 15502 15502 13037 13037 13037
Low-level point 1058 1118 1078 1058 1118 1118 1118
All low-level 47088 52695 50667 47088 49736 50328 50032
Elevated point 1627 1687 1655 1627 1701 1698 1695
Total Anthropogenic 48716 54383 52322 48716 51437 52026 51727

TOTAL 48716 54382 52322 4871¢ 51437 5202¢ 51727
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Table 3-9.
Summary of July 2002 Current-Year (2001) Emissions (tons/day) in Grid 3.

NOX 010704 010705 010706 010707 010708 010709 010710
Area 269 293 277 269 293 293 293
Motor vehicle 1690 2233 1931 1690 2032 2072 2052
Non-road 735 955 735 735 955 955 955
Low-level point 129 142 132 129 142 142 142
Biogenic 426 444 438 410 423 438 438
All low-level 3247 4067 3513 3232 3845 3900 3880
Elevated point 1852 1955 1929 1852 1996 2006 1980
Total Anthropogenic 4674 5578 5004 4674 5418 5468 5422
TOTAL 5099 6022 5442 5084 5841 5906 5860

VOC 010704 010705 010706 010707 010708 010709 010710
Area 2252 2253 2253 2252 2253 2253 2253
Motor vehicle 1088 1438 1243 1088 1308 1334 1321
Non-road 997 519 997 997 519 519 519
Low-level point 319 503 364 319 503 503 503
Biogenic 32335 42509 45719 40079 41123 41730 38171
All low-level 36991 47222 50576 44735 45706 46339 42768
Elevated point 118 137 122 118 137 137 137
Total Anthropogenic 4775 4850 4979 4775 4720 4746 4733
TOTAL 37109 47359 50698 44854 45843 46476 42904

CO 010704 010705 010706 010707 010708 010709 010710
Area 2302 2309 2304 2302 2309 2309 2309
Motor vehicle 11674 15427 13342 11674 14037 14315 14176
Non-road 6502 5605 6502 6502 5605 5605 5605
Low-level point 191 211 200 191 211 211 211
All low-level 20669 23552 22348 20669 22162 22440 22301
Elevated point 794 846 802 794 848 848 847
Total Anthropogenic 21463 24398 23150 21463 23010 23288 23148
TOTAL 21463 24398 23150 21463 23010 23288 23148
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Figure 3-1.
Biogenic VOC Emissions in Grid 3
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Figure 3-2a
Low-level Anthropogenic NO, Emissions in Grid 3
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Figure 3-3a.
Elevated Point Source NO, Emissions in Grid 1
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Figure 3-3b
Elevated Point Source VOC Emissions in Grid 1
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4. Meteorological Modeling
and Input Preparation

The UAM-V photochemical model requires hourly, gridded input fields of wind, temperature,
water-vapor concentration, pressure, vertical exchange coefficients (K,), cloud cover, and
rainfall rate. These meteorological inputs were prepared for the ATMOS UAM-V application
using the Fifth Generation Pennsylvania State University/National Center for Atmospheric
Research (PSU/NCAR) Mesoscale Model (MM5).

MMS5 is a state-of-the-science dynamic meteorological modeling system that has been used in
numerous previous air quality modeling applications. Key features of the MM5 modeling system
that are relevant to its use in this study include multiple nested-grid capabilities, incorporation of
observed meteorological data using a four-dimensional data-assimilation technique, a detailed
treatment of the planetary boundary layer, and the ability to accurately simulate features with
non-negligible vertical velocity components, such as the sea breeze and terrain-generated
airflows (a non-hydrostatic option). The MM5 modeling system is widely used for meteorological
research and air quality modeling studies and is currently supported by NCAR.

The MM5 application procedures and results are presented in this section of the report. For
ease of reading all tables and figures follow the text of this section.

Overview of the Meteorological Modeling Procedures

MM5 Application Procedures

A general description of this three-dimensional, prognostic meteorological model is found in
Anthes and Warner (1978); many of the new features are described by Dudhia et al. (2001).
Version 3 of MM5 was used.

For this application, the MM5 modeling system was applied for a nested-grid modeling domain
that encompasses the UAM-V modeling domain as shown in Figure 1-2. The MM5 modeling
domain as shown in Figure 1-3 consists of an extended outer grid with approximately 108 km
horizontal resolution and three inner (nested) grids with approximately 36, 12, and 4 km
resolution. The inner grids encompass the UAM-V grids with the same resolution. A one-way
nesting procedure in which information from the simulation of each outer grid was used to
provide boundary conditions for the inner grids was employed.

The vertical grid is defined using the MM5 sigma-based vertical coordinate system. The layer
thickness increases with height such that high resolution is achieved within the planetary
boundary layer. The vertical layer heights (the half sigma layers) for application of MM5 are
listed in Table 1-2.
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To facilitate the realistic simulation of processes within the atmospheric boundary layer, the
MRF high-resolution PBL scheme was employed. This scheme is compatible with the UAM-V
formulation and requirements for specification of vertical exchange coefficients (as discussed
below). The PBL parameterization also requires use of a multi-layer soil temperature model (an
otherwise optional feature of MM5). The RRTM radiative scheme was used for the MM5
application.

For the coarser grids specified for this application, the Kain-Fritsch cumulus parameterization
scheme (Kain and Fritsch, 1990) was used to parameterize the effects of convection on the
simulated environment. This feature was not employed for the high-resolution (4-km) grid where
an explicit moisture scheme was used.

For this study, three-dimensional analysis nudging was used to promote agreement between
the observed data and the simulation results. Using this approach the simulated variables are
relaxed or “nudged” toward an objective analysis that incorporates the observed data. The
nudging coefficients were specified to achieve moderate nudging of the wind and temperature
fields (2.5 x 10 or 1 x 10, depending on the grid scale) and weaker to moderate nudging of
moisture fields (1 x 10™ to 5 x 10°) toward the observational analyses.

Vertical exchange coefficients (K,s) for input to UAM-V were extracted directly from the MM5
model. Our version of the MM5 modeling system included the output of the internally calculated
vertical exchange coefficients (K,), as calculated using the MRF PBL scheme. These values are
written to a separate MM5 output file. The K, values for this scheme are intended to represent
non-local or multi-scale diffusion coefficients (rather than local diffusion coefficients) and are
therefore most suitable for use with the UAM-V modeling system. The K, values were used to
specify the vertical exchange coefficients required by the UAM-V modeling system. The direct
use of the MMb5-derived K, values avoids the need to calculate the K,s outside of MM5, and use
of the various assumptions that are required for these calculations. Our prior testing of several
schemes showed this scheme to be the best choice for combined MM5/UAM-V modeling.

For each simulation period, the model was initialized at 0000 GMT on the first day of the period.
Thus, each MM5 simulation period includes a five-hour initialization period, before the output
was used to prepare inputs for the UAM-V model. For the three outer grids, the MM5 was run
continuously for the multi-day simulation period. For the higher-resolution grid, the model was
reinitialized after each three days of simulation. Each re-initialization also included an additional
5-hour initialization period. Re-initialization was necessary to avoid the build up of non-
meteorological noise in the simulation results that tended to occur after approximately 3 to 3 72
days of simulation. The input fields from each simulation were inspected to ensure that piecing
together the simulations did not create discontinuities in the meteorological inputs (the use of
FDDA will alleviate this possibility). In any event, the junctures occur at midnight—a time that is
not especially important in photochemical modeling.

The time step used for the simulations ranged from several minutes for the outermost
(approximately 108 km) grid to 9 -12 seconds for the innermost (approximately 4 km) grid.

The data for preparation of the terrain, initial and boundary condition, and FDDA input files for
this application were obtained from NCAR. The MM5 input files were prepared using the
preprocessor programs that are part of the MM5 modeling system (Gill, 1992).

Meteorological data for the application of MM5 were also obtained from NCAR. These include
the National Center for Environmental Prediction (NCEP) global analysis and surface and upper
air wind, temperature, moisture, and pressure data for all routine monitoring sites within the
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domain. The sites include National Weather Service (NWS) sites, buoys, and a few international
monitoring sites. Sea-surface temperature data were also obtained from NCAR. These data
comprise the standard data set for application of the MM5 modeling system and were used for
data assimilation as well as for the evaluation of the modeling results.

Preparation of UAM-V Ready Meteorological Fields

Following the application of MM5, the simulation results were plotted and reviewed using a
variety of graphical and statistical analysis tools. We reviewed static plots of wind, temperature,
specific humidity, vertical exchange coefficients, cloud-cover, and rainfall for selected domains,
hours, and vertical levels. The number and type of plots varied by episode day, as needed to
assess various aspects of the episode-specific meteorological conditions. The output was also
examined using a view/animation graphics tool designed for use with MM5. At this stage the
MMD5 results were also compared visually and statistically with observed wind, temperature, and
moisture data—to identify geographical areas or time periods for which the model output did not
represent the data well and as a check on the effectiveness of the data assimilation.

The MMS output was then postprocessed to correspond to the UAM-V modeling domain and the
units and formats required by the modeling system, using the MM52UAMYV postprocessing
software. Wind, temperature, water-vapor concentration, pressure, vertical exchange coefficient,
cloud-cover, and rainfall-rate input files containing hourly, gridded estimates of these variables
were derived from the MM5 output. Surface temperature and solar radiation were
postprocessed for use in preparing the biogenic emissions estimates.

Discussion of Procedures Used to Diagnose and Correct Problems
and Improve Meteorological Fields

There are no specific criteria as to what constitutes an acceptable set of meteorological inputs
for photochemical modeling. For this study, we relied on comparison with observed
meteorological data and achievement of reasonable UAM-V simulation results to guide our
diagnosis and correction of problems and to improve the meteorological fields.

August/September 1999

Throughout the course of the ATMOS modeling analysis for this episode, modifications were
being made to the MM52UAMYV postprocessing software for other applications, and updated
versions of the software were applied to the wind fields for this project as they became
available. Overall, the diagnostic analysis included several components:

e An additional lower layer (25 m) was added to the vertical structure for the UAM-V ready
meteorological fields in an attempt to simulate conditions in the surface layer (not applied in
final fields).

e The effects of omitting land-use based minimums for the vertical diffusion coefficients were
examined (not omitted in the final fields).

e The effects of omitting smoothing of the UAM-V wind fields was examined (not applied in the
final fields).
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e Overestimation of cloud cover for selected days was improved by re-running MM5 with
different moisture nudging parameters (rain and cloud fields can have dramatic effects on
the UAM-V results—primarily by affecting the K, fields)

e The vertical diffusion coefficients were normalized, to ensure that the maximum value
represented by MM5 was also represented in the UAM-V ready K, fields

o Similarity theory was applied to estimate surface wind speed (and average winds within the
lowest UAM-V model layer)

A brief discussion of each of these last three items, which were applied in the final fields follows.

In applying MM5 for the August/September 1999 simulation period, we found that the model did
not adequately simulate the surface temperatures for key locations in the eastern portion of the
ATMOS fine-grid modeling domain for 1-3 September. We reran the fine-grid simulation for
these three days using an enhanced moisture-nudging coefficient (5 x 10°). Greater nudging of
the moisture fields significantly improved the simulation of the temperature fields.

For each horizontal grid cell, the vertical profile of the K,s determines the diffusive mixing within
the vertical column. For this application, the K,s were output (hourly) by MM5 for each horizontal
grid cell and MM5 layer. These were then interpolated to the UAM-V layers (layer interface
levels) for use by the photochemical model. To avoid excessive smoothing of the maximum
MMb5-derived K, value (a possible result of interpolation), the K, values were renormalized for
each level based on the ratio of the MM5-derived maximum value and the interpolated
maximum value. In this way, both the magnitude and vertical variation in K,, as simulated by
MMS5, were retained in the UAM-V ready fields. In testing this technique, we found the difference
between the interpolated and renormalized values to be greatest over varied terrain—where
large K, values are sometimes associated with terrain-induced vertical motions. Incorporating
this modification into the meteorological inputs for the ATMOS application resulted in a slight
increase in ozone at certain sites and a slight improvement in model performance. This modified
postprocessing procedure was applied for all grids and was used to prepare the final base-case
input fields.

Most applications of MM5, including this one, use a lowest layer for the calculation of winds that
is approximately 30 to 40 m above ground level (this varies in accordance with the pressure-
based sigma coordinate system). On the other hand, the lowest UAM-V layer is typically 50 m in
thickness and the wind speeds for this layer are intended to represent approximately 25 m
above ground. For this application, the MM5-derived wind speeds were adjusted using similarity
theory (e.g., as described by Panofsky and Dutton, 1984) to better represent the winds at the 25
m level. Using this approach, the wind speed profile within the surface layer is estimated based
on similarity theory—which accounts for the effects of turbulence on atmospheric variables
within the lowest portion of the atmospheric boundary layer. The MM5-derived speed is then
adjusted (based on this profile) to represent the wind speed at the 25 m level. The result is a
slight reduction in wind speed for the lowest UAM-V layer (compared to a straight mapping of
the MM5 wind to this layer). For this application, the effects of the wind speed adjustment on the
UAM-V simulated ozone concentrations were very small. Nevertheless, this approach
represents a potentially improved use of the MM5 results and was used to prepare the final
base-case input fields.
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June 2001 and July 2002

For the initial MM5 application for both simulation periods, we found the surface- level wind fields
for the 4-km resolution grid to be relatively noisy (i.e., characterized by somewhat randomly
directed winds that were sometimes or even frequently different from the observations). This
occurred despite the re-initialization of the model every three days (as described above). To try to
improve the stability and quality of the surface wind fields, we reran MMS5 for the innermost
domain with a smaller time step (9 seconds instead of 12 seconds). In a second simulation, we
also increased the nudging coefficient for moisture (from 10 = to 5x10 ~°). These two changes to
the MM5 inputs reduced the noisiness and provided a better representation of the surface winds.
The increased moisture nudging was also intended to improve the representation of the surface
temperatures, which were overestimated in the initial simulations.

In addition, we specifically conducted some diagnostic testing of postprocessing procedures and
assumptions for the wind and K, input fields. Our standard ATMOS postprocessing procedures
and assumptions (as discussed above) were used without further modification, however, in the
final base-case simulations.

Presentation and Evaluation of the MM5 Results

In this section we present the MMS5 results corresponding to those that were used in the final
UAM-V base-year (or base-case) simulation. The plots presented here were selected to
illustrate the meteorological conditions associated with the modeling episode period as well as
to provide information regarding the ability of the MM5 modeling system to represent some of
the key meteorological features.

In presenting the results, we first focus on transport patterns described by the wind fields. Plots
of the MM5-derived upper-air wind fields are provided to illustrate transport patterns (for later
interpretation of the UAM-V simulation results) and to allow a comparison of the simulated wind
fields with observations. For these plots, the display time of 0700 EST was chosen based on
observed data availability (this corresponds to 1200 GMT) and the vertical level of
approximately 300 m was selected to illustrate regional transport patterns within the boundary
layer. The MMS5 plots are shown for selected/key episode days.

Plots of surface temperatures compare the simulated surface temperatures with observed
values and allow a review of the diurnal profiles and day-to-day differences.

Finally, statistical measures summarize the overall ability of MM5 to represent the key
meteorological parameters.

29 August-9 September 1999

The ability of the MM5 modeling system to represent the observed wind fields is illustrated for
29 August—9 September in Figure 4-1. The winds for approximately 300 m agl are plotted for the
12-km resolution regional-scale grid. The observed wind vectors are overplotted in bold. On a
few of the days, observed data appears to be in error (note wind vector over central Oklahoma
on the 30th), but in general, there is good agreement between the simulated and observed
winds and the MM5 model replicates well the observed wind patterns for this level. The wind
fields depict the northerly movement of Hurricane Dennis from the eastern coast of Florida on
the 29™ of August to over North Carolina on the 5" of September. For the 29" and the 30", the
winds are primarily northeasterly. Hurricane Dennis is well defined off the eastern coast of
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Georgia/South Carolina. Wind fields for 31 August through 2 September are characterized by
clockwise circulation at this level. Northeasterly and easterly components dominate the wind
field on the 3™. Hurricane Dennis again appears in the wind fields of the 4™, off the South
Carolina/North Carolina coast and moves onshore over North Carolina on the 5. Counter-
clockwise circulation associated with Hurricane Dennis is the major feature in the wind fields on
the 5. A northerly wind component dominates the winds on the 6" . The remains of the
hurricane is evident over the northeastern portion of the domain on this day also. Winds on the
7™ are weaker and continued northerly. On the 8", winds are very light over Tennessee at this
level, and evidence of a high pressure system is indicated by the clockwise circulation over
western Tennessee. Winds on 9 September are also generally from the north and northwest.

MMS5 derived surface temperatures are compared with observed values for several monitoring
sites in the 4-km grid (Memphis, Nashville, Knoxville, and Chattanooga) in Figure 4-2. Observed
temperatures are generally well simulated by the model. Notable exceptions do however occur.
Maximum temperatures are overestimated at the Memphis site on the 2™ of September and
underestimated at Chattanooga on the same day.

MM5-derived mixing heights are compared with those estimated using the upper-air
temperature sounding data for Nashville in Table 4-1. The MM5-derived values were estimated
from the vertical exchange coefficient (K,) profiles, an example of which is presented in Figure
4-3. This figure shows the K, profile for Nashville for 0900, 1200, 1500, and 1800 CST on 31
August. From these plots, the mixing height is estimated to be the level at which the value of K,
drops to ten percent of its maximum value. The example profiles exhibit expected vertical
distributions and indicate that the maximum effective mixing heights are approximately 700 m at
0900 CST, 1200 m at 1200 CST, 1625 m at 1500 CST, and 0 m at 1800 CST. The
corresponding values from the upper-air sounding were estimated from the temperature
soundings by extending a line with a constant temperature lapse rate equal to the dry adiabatic
lapse rate upward from the surface temperature. The intersection with the temperature sounding
is the observation-based mixing height. This simple method for estimating mixing heights is not
expected to give reliable values when the upper air temperature structure changes significantly
during the day. Thus, this comparison is intended only to provide qualitative information as to
the reasonableness of the MM5-derived mixing height values.

A comparison of the MM5-based and observation-based values in Table 4-1 for 1500 CST
shows that for those days for which reliable estimates could be obtained using both methods,
the MM5-based mixing heights are both higher and lower than the observation-based estimates.
The values for MM5 appear reasonable and are more consistent day-to-day than the
observation based values. The MM5-derived estimates are lower than the observation-based
values by about 20 —25 percent for 29 August and 1-2 September, and considerably higher than
the observation-based estimate for 6 September. Since we are comparing two different results
from two different methodologies, this comparison cannot be used directly to assess the quality
of the MM5 fields, as there are two many uncertainties inherent in both estimates. This
comparison was conducted in order that it might provide perspective later in the modeling
analysis, especially regarding the over or underestimation of ozone on certain days.

Statistical summaries of the MMS5 results are presented in Table 4-2. Daily values of the mean
simulated and observed values for temperature, specific humidity, wind direction and wind
speed are presented along with the calculated mean residual. The residuals were calculated by
comparing the MM5 results with observed data, and represent averages for the 4-km or
innermost MM5 domain. The summaries are presented for the surface layer and two upper-
layers. While there are more data within the surface layer, there is a mismatch between the
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model level and the level at which the measurements are taken. For winds, the difference in
height of the simulated and observed values is about 20 m. For temperature and specific
humidity, the difference is about 25 m. We did not adjust for these differences, thus, some
difference between the simulated and observed values for the surface layer is expected.

The statistical measures indicate that the mean values of all parameters are generally well
represented by MMS5 for all simulation days. Surface temperatures are underestimated on
average by about 0.5 to 1.5 degrees at the surface and well represented at the upper levels.
There is some tendency for underestimation of the specific humidity, but the bias is small.
Surface wind speeds are generally overestimated by MM5, but the bias is typically less than 1
ms™', with some exceptions. In some cases, the overestimation of wind speed carries upward to
the 300 m layer. Wind directions are well represented aloft (with a bias of less than 20 degrees)
and less well represented near the surface—likely due to the very low wind speeds. A bias on
the order of 10 to 30 degrees characterizes the agreement with the surface winds. Under low
wind speed conditions, such as those that characterize this episode period, the errors in wind
direction are not very meaningful.

In summary, the MM5 results for the 29 August to 9 September modeling episode period
represent observed conditions well.

16-22 June 2001

The ability of the MM5 modeling system to represent the observed wind fields is illustrated for
16—22 June 2001 in Figure 4-4. The winds for approximately 300 m agl are plotted for the 12-km
resolution regional-scale grid. The observed wind vectors are overplotted in bold. In general,
there is good agreement between the simulated and observed winds and the MM5 model
replicates well the observed wind patterns for this level.

The simulation period begins with a high-pressure system over Little Rock that is manifested in
the wind fields by an anticyclonic flow pattern. Winds over Tennessee are from the north. As the
system migrates northeastward, the winds over Tennessee become easterly by the 18", and
then southerly by the following day. Finally westerly to northwesterly winds develop on the 22™
as a cold front moves through Arkansas and into Tennessee.

MMS5 derived surface temperatures are compared with observed values for several monitoring
sites in the 4-km grid (Memphis, Nashville, Knoxville, and Chattanooga) in Figure 4-5. The
simulated values are very well simulated. The diurnal profiles and day-to-day differences in the
profiles are well represented at all sites, especially considering the last one or two (depending
on the site) simulation days.

MM5-derived mixing height are compared with those estimated using the upper-air temperature
sounding data for Nashville in Table 4-3. At 1500 CST, MM5-based mixing heights are generally
lower than observation-based values. This is especially true for 19 and 20 June. However, since
we are comparing two different results from two different methodologies, this comparison cannot
be used directly to assess the quality of the MM5 fields, as there are two many uncertainties
inherent in both estimates. This comparison was conducted in order that it might provide
perspective later in the modeling analysis, especially regarding the over or underestimation of
ozone on certain days.

Statistical summaries of the MM5 results are presented in Table 4-4. The statistical measures
indicate that the mean values of all parameters are generally represented by MMS for all
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simulation days. Temperatures are overestimated on average by about 0.5 to 1 degrees at all
levels. There is some tendency for underestimation of the specific humidity, but the bias is
small. The very light wind speeds that characterize the surface fields for all days are
overestimated by MM5. There is also some overestimation of wind speeds aloft for the 19" and
20™. The bias in wind speed is typically less than 1 ms™, with some exceptions. Wind directions
are well represented aloft (with a bias of less than 10 degrees) and less well represented near
the surface—likely due to the very low wind speeds. A bias on the order of 10 to 20 degrees
characterizes the agreement with the surface winds. Under low wind speed conditions, such as
those that characterize this episode period, the bias in wind direction is not very meaningful.

In summary, the MM5 results for the June 2001 modeling episode period represent observed
conditions well.

4-10 July 2002

The winds for approximately 300 m agl are plotted for the 12-km resolution regional-scale grid in
Figure 4-6. The observed wind vectors are overplotted in bold. In general, there is good
agreement between the simulated and observed wind fields for this level. For some days, the
MMS5 wind speeds are higher than observed.

The simulation period begins with a convergence zone over Tennessee on the 4", with
northeasterly winds in the eastern part of the state and northerly to westerly winds in the
western part of the state and into Arkansas. There is some disagreement with the observed
winds for the hour and level shown in the plot. The wind direction shifts to northeasterly on the
5" and remains easterly to northeasterly through the 7. This is followed by a transition to
southeasterly, southerly and then southwesterly on the 8" and 9"". Westerly winds on the 10"
mark the end of the ozone episode through the domain. The transition to westerly flow takes
place earlier further aloft. The evolution of the airflow patterns is similar in many respects to
those for June 2001 simulation period as well as to the first part of the August/September 1999
simulation periods and is driven by the west-to-east migration of a high pressure system across
the domain.

MMS5 derived surface temperatures are compared with observed values for several monitoring
sites in the 4-km grid (Memphis, Nashville, Knoxville, and Chattanooga) in Figure 4-7.
Underestimation occurs at Nashville on the 8" and at Chattanooga on the 6" and 10".
Otherwise, the diurnal profiles and day-to-day differences in the profiles are well represented at
all sites, especially considering the last one or two (depending on the site) simulation days.

MM5-derived mixing height are compared with those estimated using the upper-air temperature
sounding data for Nashville in Table 4-5. A comparison of the MM5-based and observation-
based values in Table 4-5 shows that MM5-based mixing heights at 1500 CST MM5-based
mixing heights appear reasonable and are quite similar to observation-based values several of
the days. The MM5-derived values are lower than the observation-based estimates on the 8"
and higher on the 9". The MM5-derived values are also more consistent day-to-day than the
observation-based values.

Statistical summaries of the MM5 results for the July 2002 episode period are presented in
Table 4-6. The statistical measures indicate that the mean values of all parameters are well
represented by MMS5 for all simulation days and all levels. Temperatures are overestimated on
average by about 1 to 2 degrees at the surface with smaller differences aloft. This episode is
more humid than the June 2001 episode and the higher specific humidities are well
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represented; the bias is small (generally less than 1 gkg™). As for the June 2001 simulation
period, the light wind speeds that characterize the surface fields for all days are overestimated
by MM5. There is also some overestimation of wind speeds aloft for several of the simulation
days. The bias in wind speed is typically less than 1 ms™, with some exceptions. Wind directions
are well represented aloft (with a bias of less than 10 degrees) and less well represented near
the surface—likely due to the low wind speeds. A bias on the order of 10 to 20 degrees
quantifies the agreement with the surface winds for most days. Under low wind speed
conditions, such as those that characterize this episode period, the errors in wind direction are
not very meaningful.

In summary, the MM5 results for the July 2002 modeling episode period represent observed
conditions well.

Quality Assurance of the Meteorological Inputs

The MMS5 results were evaluated using mostly graphical analysis. The overall evaluation of the
MMS5 results included the following elements. For the outer grids, examination of the MM5
output focused on representation of the regional-scale meteorological features and airflow
patterns and included a comparison with weather maps. A more detailed evaluation of the
results for the inner (high-resolution) grid emphasized representation of the observed data,
terrain-induced and other local meteorological features, and vertical mixing parameters. To the
extent possible, the modeling results were compared with observed data. In the absence of data
(e.g., for unmonitored areas and for not-measured parameters such as K,), the MM5 results
were examined for physical reasonableness as well as spatial and temporal consistency.

Comparison with the observed data was primarily used to examine the model’s ability to
represent key meteorological features such as the wind speeds as directions aloft and site-
specific temperatures. The UAM-V ready meteorological inputs were also plotted and examined
to ensure that the characteristics and features present in the MM5 output were retained
following the postprocessing step. The ability of the MM5 model to reproduce observed
precipitation patterns was qualitatively assessed by comparing the simulated and observed
rainfall patterns (based on NWS data)—some rainfall occurred during the episode periods and
this was reflected in the MM5.

The following graphical summaries were prepared to facilitate the review/evaluation of the
meteorological inputs:

e 3-dimensional visualizations of the MM5 output using the Environmental WorkBench
software (an enhanced version of VIS-5D).

e Xx-y cross-section plots of the MM5 wind fields for several levels and times with observations
overplotted for MM5 Grids 1, 2, and 3.

e X-y cross-section plots of the UAM-V ready wind, temperature, vertical exchange coefficient,
cloud-cover, and rainfall-rate fields for several times and levels (as appropriate).

On two occasions during the course of the modeling analysis, we enhanced the MM5 to UAM-V
software for other applications, and re-processed the fields using enhanced versions of the
software.

Finally, the process analysis feature of UAM-V was also used for the August/September 1999
simulation period to further examine the role of the meteorological inputs in determining the
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simulated concentration patterns and levels (and their contribution to good or poor model
performance). The role of meteorology in the diagnostic analysis for UAM-V is discussed in

more detail in Section 6.

Table 4-1.
Comparison of MM5-Derived and Observation Data Derived Mixing Heights
at Nashville for 29 August-09 September 1999

Date 1500 CST
MM5 Derived Observation Derived
29 August 1629 2085
30 August 1211 NA*
31 August 1570 1420
1 September 1630 2125
2 September 1558 2010
3 September 1568 1775
4 September 1631 NA
5 September 1630 NA
6 September 1583 805
7 September 1240 1090
8 September NA NA
9 September 1584 NA

* NA indicates that a reliable estimate could not be derived.

Table 4-2a.
Comparison of MM5-Simulated and Observed Meteorological Parameters:

29 August 1999

Site Name Simulated Mean Observed Mean Mean Residual (Bias)

Temperature (K)

Surface 298.5 299.2 0.7

300m 298.2 298.3 0.1

1200 m 292.6 292.5 0.2
Specific Humidity (gkg-1)

Surface 14.6 13.4 12

300m 14.1 13.0 1.1

1200 m 12.0 11.0 1.0
Wind Direction (degrees)

Surface 371.7 31.0 7.6

300m 41.1 345 2.6

1200 m 46.3 429 2.8
Wind Speed (ms-1)

Surface 3.8 24 1.3

300 m 7.0 5.9 0.7

1200 m 7.0 59 0.7
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Table 4-2b.
Comparison of MM5-Simulated and Observed Meteorological Parameters:

30 August 1999

Site Name

Simulated Mean

Observed Mean

Mean Residual (Bias)

Temperature (K)

Surface 296.8 297.4 -0.6

300m 295.0 296.1 -1.0

1200 m 295.0 296.1 -1.0
Specific Humidity (gkg-1)

Surface 10.3 10.0 0.3

300m 10.3 10.1 0.2

1200 m 9.2 9.0 0.2
Wind Direction (degrees)

Surface 39.4 33.6 9.3

300m 37.8 29.3 10.1

1200 m 328 24.6 13.2
Wind Speed (ms-1)

Surface 5.1 35 16

300m 8.6 6.0 2.2

1200 m 8.7 9.0 0.2

Table 4-2c.

Comparison of MM5-Simulated and Observed Meteorological Parameters:

31 August 1999

Site Name Simulated Mean Observed Mean Mean Residual (Bias)

Temperature (K)

Surface 294.4 294.8 -0.4

300m 2935 293.3 0.2

1200 m 289.8 289.7 0.0
Specific Humidity (gkg-1)

Surface 8.5 8.2 0.3

300 m 75 7.4 0.1

1200 m 6.0 6.1 0.1
Wind Direction (degrees)

Surface 69.1 64.7 8.2

300 m 61.0 61.6 49

1200 m 48.4 41.0 21.9
Wind Speed (ms-1)

Surface 33 19 11

300 m 5.0 4.6 -0.7

1200 m 4.1 2.9 -0.3

SAI/ICF Consulting 4-11 Early Action Compact Modeling Analysis

04-012

March 30, 2004



4. Meteorological Modeling and Input Preparation

Comparison of MM5-Simulated and Observed Meteorological Parameters:

Table 4-2d.

1 September 1999

Site Name Simulated Mean Observed Mean Mean Residual (Bias)

Temperature (K)

Surface 295.8 296.4 -0.6

300m 295.7 296.2 0.5

1200 m 291.6 2914 0.2
Specific Humidity (gkg-1)

Surface 11.0 10.2 0.7

300m 9.8 8.8 1.0

1200 m 75 74 0.2
Wind Direction (degrees)

Surface 85.0 65.6 26.0

300m 44.2 37.1 31

1200 m 19.8 8.5 43
Wind Speed (ms-1)

Surface 0.9 0.3 0.5

300m 18 12 -0.6

1200 m 3.3 34 -0.7

Table 4-2e.

Comparison of MM5-Simulated and Observed Meteorological Parameters:

2 September 1999

Site Name

Simulated Mean

Observed Mean

Mean Residual (Bias)

Temperature (K)

Surface 297.7 297.9 -0.2

300m 297.4 298.0 -0.6

1200 m 292.6 292.8 -0.2
Specific Humidity (gkg-1)

Surface 119 11.2 0.7

300 m 10.0 9.4 0.5

1200 m 7.9 7.4 05
Wind Direction (degrees)

Surface 57.7 429 154

300m 40.0 19.0 -154

1200 m 39.3 29.6 8.3
Wind Speed (ms-1)

Surface 0.8 0.5 0.3

300m 2.3 2.6 -0.5

1200 m 4.2 3.6 -0.2
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Table 4-2f.

Comparison of MM5-Simulated and Observed Meteorological Parameters:

3 September 1999

Site Name

Simulated Mean

Observed Mean

Mean Residual (Bias)

Temperature (K)

Surface 297.9 298.7 -0.8

300m 297.6 297.8 -0.3

1200 m 292.7 292.7 0.0
Specific Humidity (gkg-1)

Surface 11.8 113 05

300m 10.6 10.2 0.4

1200 m 8.6 8.5 0.1
Wind Direction (degrees)

Surface 62.3 47.4 17.8

300m 59.4 485 16.2

1200 m 60.9 51.8 9.8
Wind Speed (ms-1)

Surface 1.8 11 0.7

300m 33 31 -0.1

1200 m 49 5.1 -0.9

Table 4-29.

Comparison of MM5-Simulated and Observed Meteorological Parameters:

4 September 1999

Site Name

Simulated Mean

Observed Mean

Mean Residual (Bias)

Temperature (K)

Surface 297.4 298.7 -1.3

300m 297.3 297.5 -0.2

1200 m 292.2 292.2 0.0
Specific Humidity (gkg-1)

Surface 12.2 11.7 0.5

300m 115 123 -0.9

1200 m 10.7 10.3 05
Wind Direction (degrees)

Surface 29.3 11.9 19.0

300m 105 7.2 -5.1

1200 m 21.4 20.2 4.6
Wind Speed (ms-1)

Surface 14 0.8 0.7

300m 4.1 43 -0.9

1200 m 5.0 49 -11

SAI/ICF Consulting 4-13 Early Action Compact Modeling Analysis

04-012

March 30, 2004



4. Meteorological Modeling and Input Preparation

Table 4-2h.

Comparison of MM5-Simulated and Observed Meteorological Parameters:

5 September 1999

Site Name

Simulated Mean

Observed Mean

Mean Residual (Bias)

Temperature (K)

Surface 297.2 298.7 -15

300m 296.5 296.0 0.6

1200 m 292.1 292.1 0.1
Specific Humidity (gkg-1)

Surface 13.2 129 0.3

300m 13.1 12.4 0.7

1200 m 11.7 11.0 0.6
Wind Direction (degrees)

Surface 315.0 307.5 318

300m 354.7 349.1 124

1200 m 17 0.3 9.4
Wind Speed (ms-1)

Surface 2.8 19 0.7

300m 5.1 5.2 -0.6

1200 m 44 5.8 2.9

Table 4-2i.

Comparison of MM5-Simulated and Observed Meteorological Parameters:

6 September 1999

Site Name

Simulated Mean

Observed Mean

Mean Residual (Bias)

Temperature (K)

Surface 298.4 298.9 -0.5

300m 297.1 297.6 04

1200 m 292.8 292.9 0.1
Specific Humidity (gkg-1)

Surface 12.7 13.1 -0.4

300 m 13.0 13.1 -0.1

1200 m 10.3 10.9 -0.6
Wind Direction (degrees)

Surface 318.7 328.3 35.3

300m 303.7 267.7 145

1200 m 306.1 288.8 5.2
Wind Speed (ms-1)

Surface 25 1.0 12

300 m 26 26 0.0

1200 m 3.3 43 -1.0
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4. Meteorological Modeling and Input Preparation

Table 4-2j.

Comparison of MM5-Simulated and Observed Meteorological Parameters:

7 September 1999

Site Name

Simulated Mean

Observed Mean

Mean Residual (Bias)

Temperature (K)

Surface 297.2 298.4 -1.2

300m 297.9 298.6 -0.6

1200 m 293.4 293.7 -0.3
Specific Humidity (gkg-1)

Surface 129 124 05

300m 125 12.5 0.0

1200 m 105 10.5 0.0
Wind Direction (degrees)

Surface 126.6 153.7 6.4

300m 194.9 219.0 -8.8

1200 m 259.2 276.9 14
Wind Speed (ms-1)

Surface 05 0.5 0.7

300m 1.3 1.2 0.4

1200 m 2.0 25 -0.7

Table 4-2k.

Comparison of MM5-Simulated and Observed Meteorological Parameters:

8 September 1999

Site Name

Simulated Mean

Observed Mean

Mean Residual (Bias)

Temperature (K)

Surface 297.4 297.8 -0.4

300m 297.3 297.5 0.1

1200 m 292.5 292.3 0.2
Specific Humidity (gkg-1)

Surface 12.6 12.7 0.1

300m 11.2 123 -1.1

1200 m 9.2 9.8 -0.6
Wind Direction (degrees)

Surface 223.1 281.3 317

300 m 307.9 273.1 151

1200 m 3135 291.9 20.1
Wind Speed (ms-1)

Surface 0.2 0.4 0.3

300m 0.8 13 -0.6

1200 m 15 2.6 -0.9
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4. Meteorological Modeling and Input Preparation

Table 4-2I.
Comparison of MM5-Simulated and Observed Meteorological Parameters:
9 September 1999

Site Name Simulated Mean Observed Mean Mean Residual (Bias)

Temperature (K)

Surface 295.5 296.1 -0.6

300m 294.4 293.7 0.7

1200 m 290.9 290.7 0.2
Specific Humidity (gkg-1)

Surface 116 115 0.2

300m 10.8 10.2 0.6

1200 m 6.9 8.9 -2.0
Wind Direction (degrees)

Surface 353.6 338.3 38.6

300m 19.3 20.6 -4.8

1200 m 19.8 22.4 -18.2
Wind Speed (ms-1)

Surface 2.0 13 0.7

300m 35 4.2 -1.0

1200 m 35 3.4 -0.1

Table 4-3.

Comparison of MM5-Derived and Observation Data Derived Mixing Heights
at Nashville for 16-22 June 2001

Date 1500 CST
MMS5 Derived Observation Derived
16 June 1196 1590
17 June 1613 1700
18 June 1194 1500
19 June 1146 2500
20 June 1161 2275
21 June NA* 2550
22 June 1193 950

* NA indicates that a reliable estimate could not be derived.
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Table 4-4a.
Comparison of MM5-Simulated and Observed Meteorological Parameters:
16 June 2001

Site Name Simulated Mean Observed Mean Mean Residual (Bias)

Temperature (K)

Surface 298.2 297.5 0.8

300m 296.9 297.0 0.1

1200 m 290.6 289.9 0.7
Specific Humidity (gkg-1)

Surface 12.1 12.2 0.1

300m 111 11.2 0.1

1200 m 8.0 8.6 0.6
Wind Direction (degrees)

Surface 311.7 305.6 22.3

300m 334.2 320.9 14.8

1200 m 349.9 3317 13.7
Wind Speed (ms-1)

Surface 19 1.0 11

300 m 4.2 45 0.1

1200 m 5.1 4.7 0.7

Table 4-4b.

Comparison of MM5-Simulated and Observed Meteorological Parameters:
17 June 2001

Site Name Simulated Mean Observed Mean Mean Residual (Bias)

Temperature (K)

Surface 299.0 298.2 0.9

300m 297.7 297.6 0.1

1200 m 291.7 291.0 0.6
Specific Humidity (gkg-1)

Surface 10.3 115 11

300m 9.1 95 -0.4

1200 m 6.2 7.0 0.8
Wind Direction (degrees)

Surface 23.2 24.9 9.4

300 m 22.2 18.4 3.0

1200 m 38.1 331 8.4
Wind Speed (ms-1)

Surface 12 0.4 11

300 m 32 35 0.5

1200 m 49 45 0.2
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Table 4-4c.

Comparison of MM5-Simulated and Observed Meteorological Parameters:

18 June 2001

Site Name

Simulated Mean

Observed Mean

Mean Residual (Bias)

Temperature (K)

Surface 299.4 298.5 09

300m 298.0 298.1 0.1

1200 m 291.2 291.0 0.2
Specific Humidity (gkg-1)

Surface 11.9 11.9 0.1

300m 10.2 10.5 0.2

1200 m 8.1 8.3 -0.2
Wind Direction (degrees)

Surface 134.4 153.2 -3.1

300m 116.7 103.3 12.0

1200 m 1233 1195 -7.0
Wind Speed (ms-1)

Surface 2.1 14 1.3

300m 4.2 4.2 0.3

1200 m 5.0 41 09

Table 4-4d.

Comparison of MM5-Simulated and Observed Meteorological Parameters:

19 June 2001

Site Name Simulated Mean Observed Mean Mean Residual (Bias)

Temperature (K)

Surface 298.9 298.4 05

300m 297.2 297.5 -0.3

1200 m 290.4 290.2 0.3
Specific Humidity (gkg-1)

Surface 11.9 12.8 09

300m 10.5 11.6 -1.1

1200 m 9.0 9.3 03
Wind Direction (degrees)

Surface 158.7 154.6 145

300m 156.7 147.7 2.7

1200 m 147.7 1334 135
Wind Speed (ms-1)

Surface 2.3 1.0 13

300 m 4.8 38 0.4

1200 m 46 3.2 1.0
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Table 4-4e.
Comparison of MM5-Simulated and Observed Meteorological Parameters:
20 June 2001

Site Name Simulated Mean Observed Mean Mean Residual (Bias)

Temperature (K)

Surface 298.2 297.6 0.6

300m 296.8 296.4 04

1200 m 290.4 290.0 0.4
Specific Humidity (gkg-1)

Surface 12.3 13.4 11

300m 115 124 09

1200 m 9.7 10.3 0.7
Wind Direction (degrees)

Surface 177.7 136.7 21.6

300m 196.8 195.3 8.6

1200 m 2155 197.5 5.6
Wind Speed (ms-1)

Surface 0.9 0.4 0.7

300 m 25 2.2 0.5

1200 m 15 1.0 0.2

Table 4-4f.

Comparison of MM5-Simulated and Observed Meteorological Parameters:
21 June 2001

Site Name Simulated Mean Observed Mean Mean Residual (Bias)

Temperature (K)

Surface 297.3 296.7 0.6

300m 296.3 296.3 0.1

1200 m 290.1 289.7 0.4
Specific Humidity (gkg-1)

Surface 12.6 135 09

300m 11.8 13.3 -1.4

1200 m 10.2 10.7 -0.5
Wind Direction (degrees)

Surface 250.2 2554 20.8

300 m 230.4 2425 4.0

1200 m 258.2 259.2 1.7
Wind Speed (ms-1)

Surface 11 0.9 04

300 m 35 4.6 -1.1

1200 m 41 43 -0.3
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Table 4-4g.
Comparison of MM5-Simulated and Observed Meteorological Parameters:
22 June 2001

Site Name Simulated Mean Observed Mean Mean Residual (Bias)

Temperature (K)

Surface 289.6 288.8 0.8

300m 294.1 293.5 0.6

1200 m 287.9 287.7 0.2
Specific Humidity (gkg-1)

Surface 12.0 12.3 0.3

300m 11.2 12.2 -1.0

1200 m 9.5 9.2 03
Wind Direction (degrees)

Surface 308.4 299.5 29.8

300m 301.0 285.2 19.0

1200 m 301.0 285.2 19.0
Wind Speed (ms-1)

Surface 1.0 0.8 0.6

300 m 2.2 33 0.7

1200 m 3.0 43 -1.4

Table 4-5.

Comparison of MM5-Derived and Observation Data Derived Mixing Heights
at Nashville for 04-10 July 2002

Date 1500 CST
MM5 Derived Observation Derived
04 July 2037 1850
05 July NA* 2030
06 July 1187 1050
07 July 1191 1050
08 July 1212 1930
09 July 1197 675
10 July 1205 NA

* NA indicates that a reliable estimate could not be derived.
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Table 4-6a.
Comparison of MM5-Simulated and Observed Meteorological Parameters:
4 July 2002
Site Name Simulated Mean Observed Mean Mean Residual (Bias)
Temperature (K)
Surface 301.2 299.4 1.9
300m 298.5 298.3 0.2
1200 m 292.3 292.1 0.3
Specific Humidity (gkg-1)
Surface 17.6 15.2 24
300m 159 14.6 13
1200 m 12.7 12.0 0.8
Wind Direction (degrees)
Surface 34.1 64.7 233
300m 35 4.0 2.2
1200 m 46.0 63.1 5.8
Wind Speed (ms-1)
Surface 0.6 0.1 0.2
300 m 0.8 0.7 -1.1
1200 m 25 2.0 -0.4
Table 4-6b.
Comparison of MM5-Simulated and Observed Meteorological Parameters:
5 July 2002
Site Name Simulated Mean Observed Mean Mean Residual (Bias)
Temperature (K)
Surface 25 2.0 0.4
300m 300.0 299.9 0.2
1200 m 293.3 292.9 05
Specific Humidity (gkg-1)
Surface 15.7 155 0.1
300m 142 15.8 -1.6
1200 m 12.0 12.6 -0.6
Wind Direction (degrees)
Surface 46.7 40.9 10.0
300m 58.0 49.0 17.0
1200 m 60.3 64.4 -11
Wind Speed (ms-1)
Surface 14 0.4 0.8
300m 1.6 1.2 -0.5
1200 m 4.0 34 0.2
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Table 4-6c¢.
Comparison of MM5-Simulated and Observed Meteorological Parameters:
6 July 2002
Site Name Simulated Mean Observed Mean Mean Residual (Bias)
Temperature (K)
Surface 3015 300.8 0.7
300m 299.8 300.2 -0.5
1200 m 2934 293.2 0.2
Specific Humidity (gkg-1)
Surface 15.9 14.9 1.0
300m 148 14.7 0.1
1200 m 118 12.0 -0.2
Wind Direction (degrees)
Surface 60.7 52.1 10.7
300m 704 747 136
1200 m 66.3 74.0 1.7
Wind Speed (ms-1)
Surface 25 15 1.0
300 m 32 26 0.4
1200 m 4.4 31 0.7
Table 4-6d.
Comparison of MM5-Simulated and Observed Meteorological Parameters:
7 July 2002
Site Name Simulated Mean Observed Mean Mean Residual (Bias)
Temperature (K)
Surface 300.9 300.0 0.9
300m 2994 299.8 -0.4
1200 m 293.2 293.3 0.1
Specific Humidity (gkg-1)
Surface 14.0 14.0 0.1
300m 14.0 143 -0.4
1200 m 115 118 -0.3
Wind Direction (degrees)
Surface 89.4 80.2 9.4
300m 95.4 80.2 9.3
1200 m 84.6 83.1 -1.6
Wind Speed (ms-1)
Surface 2.3 14 0.8
300m 42 36 0.2
1200 m 4.6 3.3 11
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Table 4-6e.
Comparison of MM5-Simulated and Observed Meteorological Parameters:
8 July 2002
Site Name Simulated Mean Observed Mean Mean Residual (Bias)
Temperature (K)
Surface 3015 300.1 1.4
300m 298.8 299.1 -0.2
1200 m 292.6 292.1 0.5
Specific Humidity (gkg-1)
Surface 155 14.1 1.4
300m 148 14.0 0.8
1200 m 11.0 118 -0.8
Wind Direction (degrees)
Surface 153.5 155.1 5.6
300m 158.7 154.8 9.6
1200 m 147.6 164.1 8.1
Wind Speed (ms-1)
Surface 14 0.8 0.6
300 m 29 2.8 0.2
1200 m 2.4 17 0.9
Table 4-6f.
Comparison of MM5-Simulated and Observed Meteorological Parameters:
9 July 2002
Site Name Simulated Mean Observed Mean Mean Residual (Bias)
Temperature (K)
Surface 302.0 300.6 1.4
300m 299.3 299.3 0.1
1200 m 292.8 292.3 05
Specific Humidity (gkg-1)
Surface 15.2 15.2 0.1
300m 147 15.0 -0.3
1200 m 121 123 -0.2
Wind Direction (degrees)
Surface 219.3 2185 6.4
300 m 225.3 222.4 148
1200 m 2435 239.8 9.3
Wind Speed (ms-1)
Surface 24 15 0.7
300m 42 41 0.7
1200 m 3.6 2.8 0.6
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Table 4-69.
Comparison of MM5-Simulated and Observed Meteorological Parameters:
10 July 2002
Site Name Simulated Mean Observed Mean Mean Residual (Bias)

Temperature (K)

Surface 301.4 299.9 15

300m 299.1 298.8 0.4

1200 m 292.9 292.7 0.2
Specific Humidity (gkg-1)

Surface 16.1 15.9 0.2

300m 149 153 -0.4

1200 m 129 125 0.4
Wind Direction (degrees)

Surface 245.4 241.0 32.6

300m 251.8 253.4 5.2

1200 m 251.8 2534 5.2
Wind Speed (ms-1)

Surface 15 1.0 -0.2

300 m 36 4.1 -1.3

1200 m 3.8 4.2 -0.4
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Figure 4-1a.
MM5-Derived 12-km Wind Field for 0700 EST on 29 August 1999
at Approximately 300 m agl

Observations are overplotted in bold

Statistics Summary
QObserved Points: 23
Madnled Points: 2268
Avg Modeled Wind:
u==2.0 +/= 3.8 m/s
v==2.2 +/- 46 m/3
Avg Observed Wind:
um=2.8 +/= 3.4 m/s
vm=29 +/= 47 m/s
RMS Error:

speed: 1,88 m/s
angle: 19.5 ceg
Madel Bios:
speed: -1.0 m/s
angle: B.8 deg
A
0 5 10 15
wind speed (m/s)
Wind on Sigma = 0.960. Avg Hgt= 293 m. Unit = m/s. Time: 12002, 19990829
MM5 SIMULATION == ATMOS = grd2 (12km) == UA Obs
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Figure 4-1b.
MM5-Derived 12-km Wind Field for 0700 EST on 30 August 1999
at Approximately 300 m agl.

Observations are overplotted in bold
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Figure 4-1c.
MM5-Derived 12-km Wind Field for 0700 EST on 31 August 1999
at Approximately 300 m agl.

Observations are overplotted in bold
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MM5-Derived 12-km Wind Field for 0700 EST on 1 September 1999
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Figure 4-1le.

Observations are overplotted in bold
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Figure 4-1f.
MM5-Derived 12-km Wind Field for 0700 EST on 3 September 1999
at Approximately 300 m agl.

Observations are overplotted in bold
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Figure 4-1g.
MM5-Derived 12-km Wind Field for 0700 EST on 4 September 1999
at Approximately 300 m agl.

Observations are overplotted in bold
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Figure 4-1h.
MM5-Derived 12-km Wind Field for 0700 EST on 5 September 1999
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Figure 4-1i.
MM5-Derived 12-km Wind Field for 0700 EST on 6 September 1999
at Approximately 300 m agl.

Observations are overplotted in bold
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Figure 4-1j.

MM5-Derived 12-km Wind Field for 0700 EST on 7 September 1999

at Approximately 300 m agl.

Observations are overplotted in bold
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Figure 4-1k.
MM5-Derived 12-km Wind Field for 0700 EST on 8 September 1999
at Approximately 300 m agl.

Observations are overplotted in bold
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Wind on Sigma = 0.960. Avg Hgt= 293 m. Unit = m/s.

Figure 4-1l.

MM5-Derived 12-km Wind Field for 0700 EST on 9 September 1999

at Approximately 300 m agl.

Observations are overplotted in bold
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Figure 4-2.

Simulated and Observed Temperatures at Memphis, Nashville, Knoxville, and Chattanooga

for 29 August to 9 September 1999
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Figure 4-3.
K, Profiles for Nashville, TN on 31 August 1999
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Figure 4-4a.

at Approximately 300 m agl.

Observations are overplotted in bold
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MM5-Derived 12-km Wind Field for 0700 EST on 16 June 2001
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Figure 4-4b.
MM5-derived 12-km wind field for 0700 EST on 17 June 2001
at 300 m agl.

Observations are overplotted in bold.
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Figure 4-4c.
MM5-derived 12-km wind field for 0700 EST on 18 June 2001
at 300 m agl.

Observations are overplotted in bold.
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Figure 4-4d.

MM5-derived 12-km Wind Field for 0700 EST on 19 June 2001

at 300 m agl.

Observations are overplotted in bold.
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Figure 4-4e.
MM5-derived 12-km wind field for 0700 EST on 20 June 2001
at 300 m agl.

Observations are overplotted in bold.
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Figure 4-4f.
MM5-derived 12-km wind field for 0700 EST on 21 June 2001
at 300 m agl.

Observations are overplotted in bold.
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Figure 4-4g.
MM5-derived 12-km wind field for 0700 EST on 22 June 2001
at 300 m agl.

Observations are overplotted in bold.
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Figure 4-5.
Simulated and Observed Temperatures at Memphis, Nashville, Knoxville, and Chattanooga
for 16—22 June 2001
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Figure 4-6a.
MM5-Derived 12-km Wind Field for 0700 EST on 4 July 2002
at Approximately 300 m agl.

Observations are overplotted in bold
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Figure 4-6b.
MM5-derived 12-km wind field for 0700 EST on 5 July 2002
at Approximately 300 m agl.

Observations are overplotted in bold.
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Figure 4-6c¢.
MM5-derived 12-km wind field for 0700 EST on 6 July 2002
at Approximately 300 m agl.

Observations are overplotted in bold.

= y ; ﬁgw I ,III'IlIIII“I';llﬁlll'lllllll'\lll\:“_:_ Statistics Summary
1 I/ R S M / 2 :|||| Illl\ ‘&"."\ﬁ'.\‘,?'.\i- Observed Points: 24
i1 &y j I ol ‘ S ¢ ".}&”n {nl\\' \T: Modeled Points: 2394
| ¥ '|II \ =] !‘ LA Avg Modeled Wind:
10 4\ M TR N\ SR MR = 5y u=—2.0 +/— 3.0 m/s
| 1 MR s iy = e M = v=—0.6 +/— 3.7 m/s
; : 2 o) - Avg Observed Wind:
u=—2.1 +/— 3.9 m/s
= v=0.6 +/— 47 m/s

RMS Error:
speed: 2.22 m/s
ongle: 24.6 deg
Meodel Bias:
speed: —1.1 m/s
ongle: —4.7 deg

B $:
% SR
N, . -
A A
) ARSI =
[l g -&.—u—-t—f-f‘.'—‘:—‘!—‘!-!-*—‘f—;.l-
’f : B T 2
e 3 IERE R R LY q\\\‘\\"::v Fd .,",'
3 oy B LSRR Y \\{“‘“\""-* A7
\ ] S f ;““ﬁ;;U‘:»\‘:“‘Qé?‘iiﬁ‘;"'
% s """*—-m:x\;‘:\'\“"\\: Wi "Ir-,’r- I'\' 1T e p P Ve ::vv q:-:" 9y
N . | PR P A b a
\‘k\\ﬁ,";"'*‘%k\i}_‘\_\}i‘“‘f ] l ﬁ"g \.'p?quw;vsb aaa s P ":ir,‘;ff
0 ittt bttt ks | 4L A AN G H ATV
0O 9 18 27 36 45 "5 S8BT D0 99 108117126135144153162171

wind speed (m/s)
Wind on Sigma = 0.958. Avg Hgt= 307 m. Unit = m/s. Time: 12002, 20020706
MM5 SIMULATION —— adeq — grd2 (12km) run R1 —— UA Cbs

SAI/ICF Consulting 4-49 Early Action Compact Modeling Analysis

04-012

March 30, 2004



4. Meteorological Modeling and Input Preparation

Figure 4-6d.
MM5-derived 12-km Wind Field for 0700 EST on 7 July 2002
at Approximately 300 m agl.

Observations are overplotted in bold.
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Figure 4-6e.
MM5-derived 12-km Wind Field for 0700 EST on 8 July 2002
at Approximately 300 m agl.

Observations are overplotted in bold.
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Figure 4-6f.
MM5-derived 12-km Wind Field for 0700 EST on 9 July 2002
at Approximately 300 m agl.

Observations are overplotted in bold.
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4. Meteorological Modeling and Input Preparation

Figure 4-69.
MM5-derived 12-km Wind Field for 0700 EST on 10 July 2002
at Approximately 300 m agl.

Observations are overplotted in bold.
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Figure 4-7.
Simulated and Observed Temperatures at Memphis, Nashville, Knoxville, and Chattanooga
for 04-10 July 2002
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5. Air Quality, Land-Use, and Chemistry Input
Preparation

The UAM-V modeling system requires information on pollutant concentrations throughout the
domain at the first hour of the first day of the simulation, and along the lateral and top
boundaries of the domain for each hour of the simulation days. It also requires land-use data,
albedo and ozone column values, photolysis rates, and chemical reaction rates. The UAM-V
model obtains this information from input files that will be described in this section.

All figures are included following the text in this section.

Air Quality Related Inputs

Three UAM-V air quality input files define the initial and boundary pollutant concentrations for
each of the UAM-V state species. The initial conditions file specifies the initial concentration for
each species at the initial time of the simulation. The boundary conditions file specifies the
concentration for each species along the lateral boundaries of the modeling domain for each
hour of the simulation period. The top concentration files contain similar values for the species
along the top boundary of the modeling domain for each simulation day.

Initial Conditions

For the ATMOS modeling domain, initial condition inputs for each simulation period were
prepared using observed pollutant concentration data from all available monitoring sites located
within the modeling domain. The observed data consisting of measurements of ozone, NO,
NO,, and CO were obtained from the EPA Aerometric Information Retrieval System (AIRS). The
first (hourly) measurement for the first day of the simulation period was used to specify the initial
concentration for each species. If data for the first hour were missing, data for the second hour
were used instead.

Observed data were interpolated to the lowest model layer of the modeling domain (Grid 1)
using the standard UAM-V preprocessor program. This program relies on bilinear interpolation
to estimate values of each species for each grid cell of the modeling domain. The surface layer
values were extended to the second layer of the model (which ranges from 50 to 100 m above
ground). Above this layer, EPA default values for each pollutant species (EPA, 1991) were used
for the initial conditions for most species. For NO,and CO some lower values than the EPA
default values were used. The initial values are 40 ppb for ozone, 1 ppb for NOx (0 ppb for NO
and 1 ppb for NO,), 25 ppb for hydrocarbons (divided among the lumped hydrocarbon species
represented in the CB-V mechanism, using a consistent approach to that listed in EPA (1991)),
and 200 ppb for CO. The initial value for ozone was later adjusted to 65 ppb based on the results
of the “self-generating boundary conditions” technique that will be described later in this section.

Boundary Conditions

The nested-grid, regional-scale modeling domain was designed, in part, to reduce the effects of
uncertainty in the boundary conditions on the simulation results for the area of interest. The idea
is that if the boundaries are far away enough from the area of interest, the impact of the
boundary conditions will be absorbed by activity within the domain before they reach the area of
interest. Lateral boundary conditions are specified for the outermost domain (Grid 1). Top
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boundary conditions are specified for all domains in a single file. For this study, the lateral and
top boundary concentrations for all pollutants were initially set equal to the values listed for the
initial conditions. These were assumed to be representative of continental-scale background
values.

The value for ozone in the boundary and top concentration files was then updated for each
simulation day. Using self-generating ozone boundary condition technique, an average ozone
concentration from the upper layer of the modeling domain is calculated for the last hour of each
day and is used to specify the ozone boundary value (along the lateral and top boundaries) for
each subsequent day. Following the first full simulation for each modeling episode period, the
self-generated values of ozone were analyzed and the initial value of ozone of 40 ppb for the
boundary conditions was increased to approximately 60 ppb (this varied by episode) based on
the calculated value for the subsequent days and the general trend followed by the ozone value
throughout the simulation. In this manner, regional-scale build-up and/or lowering of ozone
concentrations are represented in the simulations. The ozone boundary conditions for each of
the simulation periods remained around 60-65 ppb for the entire period.

Land-Use Inputs

UAM-V requires a gridded land-use file for the full domain and each of the sub-domains, in
order to calculate deposition rates. The file was prepared using a 200-m resolution land-use
database obtained from the U.S. Geological Survey (USGS). Each of the categories in the
USGS land-use database was assigned to one of the eleven UAM-V land use categories:
urban, agricultural, range, deciduous forest, coniferous forest (including wetlands), mixed forest,
water, barren land, non-forest wetlands, mixed agricultural and range, and rocky (low shrubs).
The UAM-V land-use categories along with the surface roughness and albedo values for each
category are listed in Table 5-1.

Table 5-1.
Land-Use Categories Recognized by UAM-V.
Surface roughness and UV albedo values are given for each category.

Category Land-Use Description Surface Roughness (m) Albedo
1 Urban 3.00 0.08

2 Agricultural 0.25 0.05

3 Range 0.05 0.05

4 Deciduous forest 1.00 0.05

5 Coniferous forest including wetland 1.00 0.05

6 Mixed forest 1.00 0.05

7 Water 0.0001 0.04

8 Barren land 0.002 0.08

9 No forest wetlands 0.15 0.05

10 Mixed agricultural and range 0.10 0.05
11 Rocky (low shrubs) 0.10 0.05
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The fraction of each of the eleven categories was then calculated for each grid cell and domain.
A separate land-use file was prepared for each nested-grid sub-domain. Much of the modeling
domain is assigned to the agricultural and forest land-use categories.

Chemistry Parameters

In combination with the albedo/haze/ozone column file, two additional inputs determine the
chemical rates used by UAM-V. Photolysis rates are calculated as a function of albedo/haze/
ozone column, height, and zenith angle. Photolysis rates were calculated with the photolysis
rates preprocessor program using the values of albedo, haze, and total ozone column for the full
domain, as provided by the albedo/haze/ozone processor program.

Additional chemistry parameters determine the rates and temperature dependence for the
remaining reactions. Chemical reaction rates, activation energies, and maximum/minimum
species concentrations from the validation data of the CB-V chemical mechanism against smog
chamber data, were used along with appropriate updates for the enhanced treatment of radical-
radical termination reactions, isoprene, and toxics chemistry.
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6. Model Performance Evaluation

The first stage in the application of the UAM-V modeling system for ozone air quality
assessment purposes consists of an initial simulation and a series of diagnostic and sensitivity
simulations. These simulations are aimed at examining the effects of uncertainties in the inputs
on the simulation results, identifying deficiencies in the inputs, and investigating the sensitivity of
the modeling system to changes in the inputs. Model performance for each simulation is
assessed through graphical and statistical comparison of the simulated pollutant concentrations
with the observed data obtained from available monitoring stations located throughout the
domain. The results of this comparison are used to assess whether the model is able to
adequately replicate the air quality characteristics of the simulation period, and to determine
whether additional diagnostic and sensitivity simulations are needed.

Once the results of the graphical, statistical, and sensitivity analysis show acceptable
performance of the model for a given simulation, that simulation is called the “base-case”
simulation and the modeling analysis moves to the next stage. This next stage consists of
projection and modification of the emission inputs to assess the effects of emission changes on
future air quality. Reasonable model performance is critical to reliable use of the modeling
system for such an assessment. Thus considerable time and effort are spent in the design and
conduct of the base-case diagnostic and sensitivity analysis and in the evaluation of the base-
case simulation.

The base-case application of the UAM-V modeling system for the ATMOS modeling episode
periods included an initial simulation, several diagnostic/sensitivity simulations, a final base-
case simulation, and graphical and statistical analysis of each set of modeling results, including
comparison with observed air quality data. This report presents the procedures and results of
the base-case modeling analysis for the 29 August — 9 September 1999, 16-22 June 2001, and
4-10 July 2002 ATMOS episode periods. The discussion centers on ozone, the primary pollutant
of interest.

For ease of reading, all figures and tables follow the text of this section.

August/September 1999 Episode

Initial Simulation Results

The initial simulation serves several purposes. Initial application of the UAM-V model can reveal
format problems or simple errors in the input files or parameters. The results of this simulation
provide a basis to check for problems in the input files and to guide the input review and
refinement that occur throughout the base-case modeling effort.

For the ATMOS episode of 29 August- 9 September 1999, the initial simulation is characterized
by some underestimation of the ozone concentrations for the Memphis, Nashville, and high-
elevation Knoxville (GSM) monitoring sites. For 1-4 September, concentrations are
underestimated throughout the domain, but overestimated in the Chattanooga area. Key
statistical measures calculated using the hourly ozone data for Grids 1, 2 and 3 (refer to Figure
1-2) are all within the recommended ranges provided by EPA guidance for all of the simulation
days, but indicate consistent underestimation of the ozone concentrations.
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Diagnostic and Sensitivity Analysis

Based on the initial simulation results, the diagnostic and sensitivity analysis for this episode
period was initially designed to examine possible improvements to the meteorological input
fields, use of an alternative vertical layer structure, and improved representation of the initial and
boundary conditions. Subsequent diagnostic and sensitivity simulations incorporated updates to
the emission inventories and examined the sensitivity of the modeling system to uncertainty in
the emissions (specifically, the biogenic emissions). In total, eight full and eight partial
simulations were run as part of the base-case modeling analysis for the August/September
1999 simulation period.

Meteorology Related Diagnostic and Sensitivity Simulations

The meteorology related diagnostic and sensitivity simulations focused first on improving the
MMS5 results for selected simulation days, and then on examining and updating the
postprocessing procedures used to transform the outputs from MM5 into inputs for UAM-V. The
UAM-V process analysis technique was also used to support the diagnostic analysis for this
simulation period.

As discussed in Section 4 of this document, we found that the initial application of MMS5 for this
simulation period did not adequately simulate the surface temperatures for key locations in the
eastern portion of the ATMOS fine-grid modeling domain for 1-3 September. Temperatures
were as much as 6 to 8 degrees (C) cooler than the maximum observed values for Nashville,
Knoxville, and Chattanooga in the MM5 outputs. We reran the fine-grid simulation for these
three days using an enhanced moisture-nudging coefficient (5 x 10™°). This resulted in higher
temperatures and much better agreement with the temperature observations for these as well
as other areas.

The remaining meteorology related diagnostic and sensitivity simulations examined different
options for postprocessing the MM5 results. Two diagnostic simulations addressed better use of
the MMS5 results for input to the UAM-V. Specifically, a new procedure for interpolating the
vertical exchange coefficients (K,s) from the MM5 levels to the UAM-V layer interface levels was
applied. The vertical exchange coefficients were normalized, to ensure that the maximum value
represented by MM5 was also represented in the UAM-V ready K, fields. This resulted in some
slight improvement of the simulated ozone concentrations at the Knoxville area sites (those
located in more varied terrain). Similarity theory was applied to estimate surface wind speed
(and average winds within the lowest UAM-V model layer). This also resulted in a slight
improvement of the ozone concentrations. Both of these changes to the MM5 postprocessing
procedures were retained for the final base-case simulation.

Two simulations examined the sensitivity of the simulation results to the specification of
postprocessing parameters. First, the MMS5 postprocessing procedures include some nominal
smoothing of the wind fields. Specifically, four passes through a 4-point smoother is typically
applied. To examine whether this affected the transport characteristics of the wind fields,
especially for the urban plumes, the usual smoothing of the wind fields was removed. Second, a
different (and more stringent) divergence minimization criterion was used to determine the
effects of this somewhat arbitrary parameter on the simulation results. In both, cases the
changes to the simulated ozone concentrations were very small. These changes to the
postprocessing parameters/assumptions were not retained for the final base-case simulation.
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Modeling Domain Related Diagnostic Simulation

To examine the causes of higher than observed ozone concentrations during the nighttime
hours for some of the monitoring sites, the lowest layer of the model was divided into two layers,
creating an additional surface layer with a 25 m thickness. The idea was that a thinner surface
layer would better simulate the titration of ozone during the nighttime hours by NO emissions,
and thus the lower ozone concentrations during these hours at the urban sites. The results
showed very little difference in ozone concentrations, both domain-wide and at the monitoring
sites. The UAM-V layer structure was not changed as a result of this diagnostic test.

Initial and Boundary Condition Related Diagnostic and Sensitivity
Simulations

It is usual during the course of a diagnostic analysis to confirm that the effects of the initial and
boundary conditions are minimal and that the uncertainty inherent in both of these inputs does
not overwhelm the effects of emissions or confound the effects of the emissions changes.
Several diagnostic and sensitivity simulation were conducted for the August/September 1999
ATMOS simulation period to examine and refine these inputs.

The initial conditions represent the concentrations of all modeled species for all grid cells at the
initial simulation time. We examined the sensitivity of the modeling results to the specification of
the initial conditions and attempted to improve the representation of the initial pollutant values at
the monitoring site locations. We re-interpolated the observations to the domain using a smaller
radius of influence, thus limiting the influence of the observations to a smaller area around the
monitors. The change in simulated ozone concentration due to the change in initial conditions
was limited to the first two (start-up) days. The initial ozone concentrations, however, were not
better represented.

The boundary condition sensitivity simulations examined the setting of the ozone boundary
concentration. The UAM-V uses a self-generating ozone boundary condition approach in which
the user must specify the initial value for ozone and then it is calculated each for each day as
the average of the simulated ozone concentrations aloft — for the final hour of the previous day
and averaged over the entire modeling domain. This approach is discussed in more detail in
Section 5 of this document. Values of 40, 55, 65, and 75 ppb were tested. The first three values
were the result of running the UAM-V and examining the level at which the ozone values
remained steady after several days of simulation. The fourth value was based on the analysis of
aircraft data from the 1995 Southern Oxidant Study (over Nashville) and was used primarily to
examine whether higher ozone aloft would improve the agreement with the observed values at
the higher elevation sites in the GSM National Park. Increasing the ozone boundary value from
40 to 55 to 65 ppb generally increased ozone concentrations throughout the domain, and
provided slightly higher values and slightly improved model performance for monitoring sites
within the ATMOS Grid 3 domain. The site-specific 0zone concentrations were increased by at
most about 5 ppb, when the ozone boundary value was changed from 40 to 65 ppb. Since other
parameters were also changed in between this change in boundary values, the 5 ppb value is
just an estimate. A value of 65 ppb was used for the base-case simulation. Use of an even
higher value improved the representation of the ozone concentrations for the higher elevation
sites, but was not retained for the final base-case simulation.
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Emissions Related Diagnostic and Sensitivity Simulations

Several updates to the emissions inventories were incorporated into the base-case modeling for
this simulation period. These included the use of the MOBILE6 model for the estimation of
emissions from on-road mobile sources; updated point source emissions, including for electric
generating unit and industrial sources; updated VMT estimates; and updated biogenic
emissions (using newly released high-resolution crop/land-use data). These were incorporated
throughout modeling analysis. One additional emissions related sensitivity simulation was
conducted to examine the effects of uncertainty in the biogenic emission on the modeling
results. In this simulation isoprene emissions were increased by 50 percent and the model was
rerun for the first 6 days of the simulation period. This resulted in an increase in the simulated
ozone concentrations of about 5 to 10 ppb (in some cases greater), especially downwind of the
urban areas (where NO, emissions are also present). These results highlight that some of the
uncertainty in the modeling results is due to the known uncertainty in the biogenic emissions.

Process Analysis

The UAM-V process analysis technique was used to examine and quantify the importance of
the various simulation processes to the base-case simulation results for the August/September
1999 simulation periods and to aid in the diagnosis of model performance issues. The UAM-V
process analysis feature increases the amount of information that is saved during a
photochemical simulation. In addition to the standard UAM-V output (the net species
concentrations), additional information is saved indicating the individual contributions of the
various physical and chemical process to the net concentrations. This additional information that
is saved represents and quantifies the contributions from the following processes: chemistry, dry
deposition, addition of material from the UAM-V plume-in-grid submodule, vertical advection,
horizontal advection and diffusion (combined), and vertical diffusion.

The process analysis results suggest that all three of the expected primary ozone formation
pathways contribute to the high simulated ozone concentrations in the area of interest:

o Ozone is produced aloft and transferred down to the surface by vertical diffusion and vertical
advection.

e Local photochemical production of ozone also contributes to the daytime ozone levels.

e Some horizontal, perhaps regional-scale, transport, is also indicated.

Among the contributing processes, horizontal advection is most variable among the sites and
the days. This suggests that some of the site-to-site and day-to-day variation in model
performance is related to a similar variation in wind direction accuracy.

The results also indicate that the representation of the terrain, and specifically, the terrain-
generated airflow features is important to good model performance at the GSM sites. Vertical
advection (both positive and negative) is more important for these sites than for the other sites
included in the analysis.

Diagnostic analysis for this episode was concluded when acceptable model performance was
achieved and further improvement was not expected (given the limitations of the data and
modeling tools).
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Assessment of Model Performance

We employed a variety of graphical and statistical analysis techniques to assess model
performance for the ATMOS simulations. In presenting the results of this assessment, we first
focus on 1-hour ozone concentration patterns and statistical measures for the full modeling
domain and each subdomain. This provides perspective on regional-scale model performance
and whether the model is able to capture day-to-day variability in the concentration patterns and
values. We then examine the hourly concentrations for each area and site of interest. It is
important that the model capture the hourly variations and 1-hour peaks in order to reliably
represent the 8-hour average values. We then examine the performance of the model in
representing 8-hour ozone concentrations throughout the domain and for each area and site of
interest.

Plots comparing simulated and observed concentrations across the domain provide a qualitative
basis for assessing the ability of the model to emulate the spatial concentration patterns. Figure
6-1 displays daily maximum simulated ozone concentrations for Grid 1, for each simulation day
of the August/September 1999 simulation period. The isopleths represent the 1-hour maximum
simulated ozone concentrations and the numerical values represent the corresponding
maximum observed concentrations. The domain-wide maximum and minimum values are
provided in the upper right-hand corner of the plot. Note that the simulated values are derived
from the results for all grids, not just Grid 1. These plots emphasize the variability of the
concentrations throughout the region (both simulated and observed) that are attributable to the
variable distribution of emissions sources. Notice that for areas covered by finer grids, the
higher resolution translates into additional complexity in the ozone concentration patterns.

Figure 6-2 gives a closer look at daily maximum simulated ozone for Grid 3. The contours are
reasonably consistent with the observed values with some notable underestimation of ozone in
the Knoxville and GSM areas on several of the simulation days. Packed contours are often
visible where several closely located observed values span a significant range, indicating a
steep gradient or peak in ozone concentration.

Time-series plots comparing the simulated and observed values at the monitoring sites
demonstrate how well the timing and magnitude of the simulated values matched the
observations. The time-series plots in Figure 6-3 compare hourly simulated and observed ozone
concentrations for the monitoring sites in the Memphis, Nashville, Knoxville, Chattanooga, and
Tri-Cities areas. In these plots, the boxes represent the observed values, the solid line
represents the simulated values (interpolated to the monitoring site location), and the shaded
areas represent the range of concentrations in the nine cells surrounding the grid cell in which
the monitoring site is located. Plots for all days span two pages.

Overall the time series show fair to good model performance for most sites on most days. For
the Memphis area, the simulation follows the observed diurnal cycle fairly well, with some
underestimation on the 4™ and 7™ in particular. The high peak value on the 3" at Marion is
captured by the nine cells around the site, represented by a relatively wide shaded region,
though the modeled peak at the site’s own grid cell is rather low. The Nashville time series show
some daytime underestimation and nighttime overestimation, and one incident of daytime
overestimation at Rockland Road on the 1% of September. The model does a generally good job
of reflecting the observed ozone profile, including double peaks and nighttime cleanout. The
model has greater difficulty at the Knoxville sites, predicting a flatter profile than observed for
several sites. For other sites, the profile is similar but the model underestimates peak values on
some days. For Chattanooga, results are generally good with less or later overnight ozone
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clear-out on some days, and some underestimation of high values. For the Tri-Cities area the
model shows good performance for the first half of the episode, overestimation of some low
daytirpe values on the 5" and the 6™, and an unrealistic peak of about 200 ppb at Kingsport on
the 9".

Observed and simulated values for each day are further displayed as x-y scatter plots in Figure
6-4. These show reasonable correlation between simulated and observed values, with typically
overestimation of low values and underestimation of high values.

Table 6-1 defines the statistical measures used to evaluate the model’s ability to represent 1-
hour ozone. While there are no strict criteria regarding what constitutes acceptable model
performance, EPA guidance provides recommended ranges for the following: domain-wide
unpaired accuracy of the peak (+ 20 percent), normalized bias (+ 15 percent) and normalized
gross error (< 35 percent). We assume a consistent range for assessing the average accuracy
of the peak (+ 20 percent). For 8-hour ozone we also calculated two additional metrics:
accuracy of the 8-hour maximum values averaged (1) over all sites in a given domain and (2)
over all days for a given site; this should also be within + 20 percent.

Table 6-2 provides the value of the 1-hour ozone metrics for all days of the August/September
1999 simulation period. The measures are calculated for Grids 1, 2, and 3 using observed
values from all sites in the grid. Values of the statistical measures that are outside of the EPA
recommended ranges are shaded. The first two days are considered startup days for mediating
the effects of uncertainty in initial conditions.

With one exception, the average accuracy, normalized bias, and normalized gross error are all
within EPA recommendations for all grids and all days. The normalized bias shows a
predominance of underestimation over all grids.

For 8-hour ozone, we focus on Grid 3. The domain-wide daily average accuracy is given in
Table 6-3a, and the site-specific average accuracy values are given in Table 6-3b. In both
cases, these measures are calculated over all non-start-up simulation days. These values are
consistently within EPA suggested bounds. The site-specific values refer to the performance of
the model (on average) for each monitoring station over all the simulation days. Here we
matched the observed value with the simulated value at the site (in the first column) and then
with the maximum 8-hour value within the 9-grid cells surrounding the site (second column). As
expected, there is a tendency for a more positive value (less underestimation or more
overestimation) when this metric is extended to the nine cells surrounding the site, as the metric
then captures the high end of ozone gradients over a larger spatial range, and compares these
to the same point-specific observed values. In this case the tendency to underestimation of 8-
hour peak values is apparent even if the 9-cell average accuracy is examined, but the statistics
are generally within or close to the recommended range. Kingsport is an exception, with the 9-
cell overestimation driven by the extreme simulated peak near that site on the 9".

June 2001 Episode

/nitial Simulation Results

For the 16-22 June 2001 simulation period, the initial simulation showed good to very good
representation of the observed ozone concentrations for most sites and days. Ozone
concentrations are underestimated on the 20" and overestimated on the 22™ (the clean-out
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day). The statistical measures of model performance are within the EPA recommended ranges
on all but the last simulation day. One problematic feature is that the timing and magnitude of
the ozone concentrations at certain downwind sites is not well simulated. The diagnostic
analysis examined the wind patterns, to see if better representation of the surface winds could
improve the simulation profiles. We also refined the specification of the boundary conditions.

Diagnostic and Sensitivity Analysis

Based on the initial simulation results, the diagnostic and sensitivity analysis for this episode
period was initially designed to examine the influence of initial conditions, meteorological inputs,
and biogenic emissions.

Meteorology Related Diagnostic and Sensitivity Simulations

To examine the causes of the underestimation of ozone for 20 June, several sensitivity
simulations were run for the 20" only, testing the effect of changes to meteorological UAM-V
inputs. In applying MMS5 for this episode, we prepared two sets of inputs for 20 June — one set
based on the third day of a three day simulation for 18-20 June, and one based on the first day
of a three-day simulation for 20-22 June. In the initial simulation, the meteorological fields for 20
June were based on the second set of MM5 outputs. We also tested the use of the first set of
outputs. We have found in past studies that for MM5, a different set of initial conditions
(corresponding to a different start time) can result in improved representation of the
meteorological conditions. This may be due to the build up of non-meteorological noise in the
simulation as it progresses, or just that the alternate initial conditions provide a better basis for
simulating the important features. The best results were achieved using the first set of MM5
outputs.

Reanalysis of the wind fields for 20 June, in which the resulting fields are recombined with the
observed data to improve their representation in the field was also attempted. This did not
improve the simulation results for this day. As an additional sensitivity test, we also modified
wind fields by applying factors applied to each layer. This reduction in wind speed produced
higher ozone for 20 June and allowed us to understand the causes of the underestimation of
ozone for that day.

For this episode, we also tested and adopted the MM5 postprocessing procedures used for the
August/September 1999 simulation period. Specifically, the K, fields were normalized such that
the maximum value in the vertical profile provided by MM5 was retained in the inputs to UAM-V.
In addition, a similarity theory based approach was used to calculate the surface layer wind
speeds.

Boundary Condition Related Diagnostic Simulation

The initial ozone boundary condition was increased from 40 to 65 ppb. While the first day of the
initial simulation began with 40 ppb as the ozone value along the boundary, subsequent days
generated boundary ozone values closer to 65 ppb. By setting first day’s boundary ozone close
to the apparent stable value arrived at by the model, we avoid arbitrary specification of the
boundary condition (in the absence of upper-air pollutant concentration data). Small increases in
the simulated ozone concentrations resulted from this change in the ozone boundary
concentration.
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Emissions Related Sensitivity Simulation

For this simulation period, we were concerned that higher than observed MM5-modeled
temperatures were producing biogenic VOC values that were potentially biased high for some of
the simulation days. To examine the effect on simulated ozone, we reduced the biogenic
isoprene emissions by 25 percent. Ozone concentrations were reduced throughout the domain
by as much as 2 to 5 ppb. This reveals the influence of possible uncertainties in the biogenic
emissions. Other updates to the 2001 emissions were also incorporated into the inventory
during the course of the base-case modeling analysis.

Diagnostic analysis for this episode was concluded when acceptable model performance was
achieved and further improvement was not expected (especially considering the schedule for
the EAC modeling). The base-case simulation is described in the following section.

Assessment of Base-Case Model Performance

Plots comparing simulated and observed concentrations across the domain provide a qualitative
basis for assessing the ability of the model to emulate the spatial concentration patterns. Figure
6-5 plots daily maximum simulated ozone concentrations for Grid 1, for each simulation day of
the June 2001 simulation period. The contours show reasonable agreement with observed
values, with some evident overestimation in the coarse-resolution part of the full domain on the
last few days of the episode.

Figure 6-6 displays daily maximum simulated ozone for Grid 3. Grid 3 shows a generally better
match between observed and simulated data, relative to Grid 1. Peak simulated values on the
June 20 and 21 plots appear near clusters of observed values whose range indicates a local
ozone peak, but the contours seem to indicate overestimation at these sites.

Time-series plots in Figure 6-7 compare hourly simulated and observed ozone concentrations
for the monitoring sites in the Memphis, Nashville, Knoxville, Chattanooga, and Tri-Cities areas.
For Memphis, model performance as indicated by the time series appears very good. For
Nashville, the model does not capture nighttime ozone clean-out for multiple sites, but the
simulation matches daytime values reasonably well. The same is true for some Knoxuville sites
on some days. During the second half of the episode model performance is good to very good
at all sites except Cades Cove, where the flat simulated profile misses the observed nighttime
clean-out. Chattanooga and Tri-Cities also show mostly good model performance, with some
underestimation on the 20".

Observed and simulated values for each day are further displayed as x-y scatter plots in Figure
6-8. The scatter plots indicate mostly overestimation, particularly of low values, with more
underestimation of the highest values occurring on the 19" and 20" relative to the rest of the
episode.

Table 6-4 provides the value of the 1-hour ozone metrics for all days of the June 2001
simulation period. The measures are calculated for Grids 1, 2, and 3 using observed values
from all sites in the grid. Values of the statistical measures that are outside of the EPA
recommended ranges are shaded. The first two days are considered startup days for the
simulation period. While unpaired accuracy is usually outside EPA recommended bounds, this
may only indicate peak values not captured by the monitoring network. Only the last, clean-out
episode day exceeds the EPA suggested range for average accuracy; high values at some sites
are probably lingering in the modeled episode longer than in the historical episode.
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The domain-wide daily average accuracy for 8-hour ozone is given for Grid 3 in Table 6-5a, and
the site-specific average accuracy values are given in Table 6-5b. In both cases, these
measures are calculated over all non-start-up simulation days. The overestimate of last day
values indicated by 1-hour average accuracy is reflected in the 8-hour domain-wide average
accuracy values. The site-specific values refer to the performance of the model (on average) for
each monitoring station over all the simulation days. Here we matched the observed value with
the simulated value at the site (in the first column) and then with the maximum 8-hour value
within the 9-grid cells surrounding the site (second column). These site-specific metrics show
the model overestimating in Memphis and Nashville, both over- and underestimating at
Knoxville and Chattanooga, and underestimating at in the Tri-Cities area. The single-cell metric
exceeds EPA recommendations only at Cades Cove. If the search for peak values extends to
the 9-cell area, even higher values enter the calculation, and thus the 9-cell metric is outside
EPA’s suggested bounds for two additional sites.

July 2002 Episode

Initial Simulation Results

This third ATMOS simulation period was adapted for use in ATMOS following a review and
evaluation of model performance for the ADEQ modeling analysis. The initial simulation for
ADEQ showed good to very good performance throughout the domain, with some
overestimation of ozone on the final simulation day. The diagnostic and sensitivity simulations
mentioned below were done as part of the ADEQ modeling analysis; then the model was run
only once for the ATMOS modeling domain. The discussion of model performance refers to this
run.

Diagnostic and Sensitivity Analysis

Based on the initial simulation results, the diagnostic and sensitivity analysis for this episode
period was initially designed to examine the influence of initial//boundary conditions,
meteorological inputs, and biogenic emissions.

The second simulation, increased the first-day ozone boundary condition from 40 to 60 ppb,
after consideration of model-generated boundary conditions in the same way as described
above for the June 2001 episode.

In parallel to the June 2001 simulation, we also tested the influence of biogenic emissions and
meteorological fields, respectively. We incorporated a 25% reduction in low-level ISOP
emissions. We also tested and adopted the use of the ATMOS MM5 postprocessing
procedures.

Diagnostic analysis for this episode was concluded when acceptable model performance was
achieved and further improvement was not expected. The inputs for ADEQ base-case
simulation were then adapted to the ATMOS domain.

Assessment of Base-Case Model Performance

Plots comparing simulated and observed concentrations across the domain provide a qualitative
basis for assessing the ability of the model to emulate the spatial concentration patterns. Figure
6-9 plots daily maximum simulated ozone concentrations for Grid 1, for each simulation day of
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the July 2002 simulation period. The contours and observed values on these plots are
reasonably matched, with packed contours—steep simulated ozone gradients—in regions of
multiple monitoring sites, where high values are likely to be seen in general. For these days the
observed values are somewhat lower than the contours predict, with more complex patterns in
the high-resolution part of the grid, best examined in the next set of plots.

Figure 6-10 displays daily maximum simulated ozone for Grid 3. The fine grid contours show
multiple high ozone peaks, roughly corresponding to nearby high observed values in some
instances, although some local peaks are not covered by the monitoring network. The time
series plots provide a closer view of the sites of interest.

Time-series plots in Figure 6-11 compare hourly simulated and observed ozone concentrations
for the monitoring sites in the Memphis, Nashville, Knoxville, Chattanooga, and Tri-Cities areas.
For Memphis and Nashville, these plots show generally good to very good model performance,
with some overestimation of nighttime values. For Knoxville, simulated ozone cuts a flatter-than-
observed profile for Cades Cove, and to a lesser degree Cove Mountain and Clingman’s Dome.
In general the time series show good representation of the Knoxville sites during the latter half
of the episode, with some underestimation of nighttime values. Chattanooga time series show
good model performance, as do the time series for Tri-Cities during the second half of the
episode.

Observed and simulated values for each day are further displayed as x-y scatter plots in Figure
6-12. The scatter plots show a tendency to overestimation on most days, with more of a balance
on days with more high observed values.

Table 6-6 provides the value of the 1-hour ozone metrics for all days of the July 2002 simulation
period. The measures are calculated for Grids 1, 2, and 3 using observed values from all sites in
the grid. Values of the statistical measures that are outside of the EPA recommended ranges
are shaded. The first two days are considered startup days for the simulation period. Average
accuracy is within the recommended range for all days for Grids 2 and 3, and for all but one day
for Grid 1. Both underestimation and overestimation occurs throughout the episode.

The domain-wide daily average accuracy for 8-hour ozone is given for Grid 3 in Table 6-6a, and
the site-specific average accuracy values are given in Table 6-6b. In both cases, these
measures are calculated over all non-start-up simulation days. Domain-wide average accuracy
is generally good, except for the overestimation on the last day, when observed ozone values
are lower. The site-specific values refer to the performance of the model (on average) for each
monitoring station over all the simulation days. Here we matched the observed value with the
simulated value at the site (in the first column) and then with the maximum 8-hour value within
the 9-grid cells surrounding the site (second column). These metrics show good model
performance for the Memphis, Chattanooga, and Tri-Cities sites. There is a tendency to
overestimate at the Nashville sites and at Cades Cove in Knoxville, probably during nighttime
values, although the statistics incorporate a 40 ppb cut-off.

Composite Analysis for Site-Specific 8-Hour Ozone

Modeling results for all three episode combined are used in the attainment test to calculate the
relative reduction factors and estimated future-year design values (this is discussed in Section 8
of the report). Table 6-8 summarizes model performance for each site using all three of the
simulations periods and the site-specific unpaired accuracy metric. For the most part, the
metrics fall squarely within the EPA suggested bounds for acceptable performance. Overall the
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simulations tend to underestimate at Memphis, Knoxville, Chattanooga, and Tri-Cities, and both
over- and underestimate at Nashville.

These results indicate that the combined use of days provides an excellent basis for application

of the attainment test procedures.

Table 6-1.

Metrics Used for Model Performance Evaluation for the ATMOS Modeling Analysis

Metric

Definition

Threshold value

Maximum observation (ppb)

Maximum domain-wide simulation (ppb)
Mean observation value (ppb)

Mean simulation value (ppb)

Unpaired accuracy of the peak

Average accuracy of the peak

Normalized bias

Normalized gross error

Root mean square error (ppb)

The minimum observation value used to calculate statistics
Maximum concentration at an observation site
The maximum simulated concentration in the domain
The average observed concentration above the threshold value
The average simulated concentration corresponding to observations above the threshold
S Max — OMax
O Max

where Swax is the maximum simulated value and Owax is the maximum observation.

()36 -0w fo

where Sw and Ow are the maximum simulated and observed values at site |.

()26 -0

where N is the number of data pairs, and Sy and O are the simulated and observed values
at site |, respectively.

)2 -0l
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Table 6-2a.
Model Performance Statistics for 1-Hour Ozone for the August-September 1999 Base Case
Simulation, for the 36 km UAM-V Modeling Domain (Grid 1)

Shading indicates that the calculated statistical measure is outside the EPA recommended range for acceptable model performance.

Sim. ob'\sA:r)i/.ed sirr’:/luellz.ted ob’\igf\?ed . Mean ;Jggfri;(e:g acg\J/?aicy Norm_alized Narmalized RMS
day ozone ozone ozone simulated of peak of peak b(',as grosi error error
(ppb) (ppb) (pp) 2" PPD) %) ) v | ed)

8/29 110 110.2 38.9 43.0 0.2% -0.9% -8.5% 22.9% 15.9
8/30 178 133.3 36.0 485 -25.1% 8.9% -1.3% 20.6% 155
8/31 171 125.1 35.2 47.1 -26.8% 4.7% -1.3% 21.7% 16.1
91 127 1515 40.0 48.0 19.3% -2.8% -5.8% 20.3% 16.1

9/2 166 168.0 40.4 47.1 1.2% -7.6% -11.2% 26.4% 24.0

9/3 144.4 155.8 40.0 46.1 7.9% -13.5% -14.5% 27.1% 24.3

914 143 172.7 40.3 49.1 20.8% -6.2% -11.9% 24.4% 21.2

95 123 132.8 34.9 48.3 7.9% 4.0% -10.5% 28.9% 24.9

9/6 155 120.5 34.0 49.6 -22.3% 12.4% 7.4% 23.8% 16.1

97 137 154.8 32.2 49.5 13.0% 15.5% 10.7% 25.1% 17.6

9/8 135 151.0 33.6 46.9 11.9% 6.5% L% 30.2% 22.17

99 117 202.3 30.5 46.8 72.9% 16.3% 8.3% 26.8% 17.3

Table 6-2b.

Model Performance Statistics for 1-Hour Ozone for the August-September 1999 Base Case

Simulation, for the 12 km UAM-V Modeling Domain (Grid 2)
Shading indicates that the calculated statistical measure is outside the EPA recommended range for acceptable model performance.

Sim. ob'\sA:r)i/led sinylu?:.ted ob,\ggf\;]ed . Mean ;ch?t?riz:?:?/ ac/(-:\L\JIrgécy Norm_alized Normalized RMS
day ozone ozone ozone Oig?]lél?;;%) of peak of peak t()ll)z )S gros(;o()arror (epr;ct));
(ppb) (ppb) (ppb) (%) (%)

8129 105 110.2 44.2 434 5.0% -12.0% -14.5% 20.7% 15.8
8/30 116 133.3 4.1 484 14.9% 1.4% -3.0% 15.6% 111
8/31 110 119.3 421 49.1 8.4% -0.1% -5.1% 20.2% 153
91 127 1515 456 50.9 19.3% -8.1% -10.1% 20.2% 17.6
9/2 158 168.0 46.6 48.0 6.3% -16.7% -17.5% 29.2% 28.2
913 144.4 155.8 450 474 7.9% -13.4% -13.8% 29.6% 26.6
9/4 143 172.7 46.4 52.4 20.8% -0.1% -8.3% 25.6% 22.9
9/5 123 132.8 42.3 50.4 7.9% -4.1% -10.5% 23.4% 204
9/6 127 120.5 37.7 50.6 -5.1% 6.5% 3.5% 21.7% 16.1
9/7 137 154.8 39.0 50.5 13.0% 1.6% 0.8% 20.8% 17.2
9/8 135 151.0 39.9 48.9 11.9% -5.3% -9.3% 27.8% 232
9/9 115 202.3 33.2 45.9 75.9% 9.9% 1.6% 23.1% 15.6
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Table 6-2c.
Model Performance Statistics for 1-Hour Ozone for the August-September 1999 Base Case
Simulation, for the 4 km UAM-V Modeling Domain (Grid 3)
Shading indicates that the calculated statistical measure is outside the EPA recommended range for acceptable model performance.

Max. Max. Mean Mean Unpaired Avg. . .
. . . Normalized = Normalized RMS
Sim. observed simulated observed simulated = accuracy of = accuracy of bi
ias gross error | error
day ozone ozone ozone ozone peak peak %) (%) (opb)
(ppPb) (pPb) (pPb) (ppb) (%) (%) PP
8/29 105 107.9 51.2 46.3 2.8% -16.1% -18.7% 22.2% 17.0
8/30 116 126.8 52.3 50.8 9.3% -9.1% -8.0% 14.2% 11.2
8/31 110 119.3 48.7 51.7 8.4% -5.7% -1.6% 19.7% 154
9/1 127 151.5 50.5 53.1 19.3% -9.3% -12.4% 21.5% 19.8
92 158 168.0 52.0 53.9 6.3% -15.8% -14.4% 23.8% 23.8
9/3 144.4 155.8 477 50.9 7.9% -10.2% -8.4% 26.0% 235
9/4 131 172.7 51.3 55.0 31.8% -4.2% -6.2% 22.6% 20.1
9/5 123 132.8 47.8 52.6 7.9% -9.4% -9.6% 20.2% 19.6
9/6 127 120.5 44.6 53.3 -5.1% -3.8% -2.4% 20.9% 17.0
9/7 115 154.8 459 53.8 34.6% 3.7% -5.7% 21.7% 19.3
9/8 135 151.0 46.7 54.1 11.9% -9.8% -9.3% 24.9% 215
9/9 115 202.3 394 45.8 75.9% 1.4% -8.1% 22.6% 16.5
Table 6-3a.

Domain-wide Average Accuracy of 8-Hour Peak Ozone Concentration
for Sites in the EAC Areas; August-September 1999 Episode

Da Domain-wide average accuracy 9-cell domain-wide average accuracy of
Y of the 8-hour ozone peak (%) the 8-hour ozone peak (%)

31 -1.9% 2.6%
1 -10.1% -3.6%
2 -13.7% -6.7%
3 -8.6% 1.4%
4 -3.9% 2.9%
5 -10.4% -5.6%
6 -2.2% 3.0%
7 -2.2% 5.6%
8 -10.2% -3.0%
9 3.0% 14.1%
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Table 6-3b.

Site-specific Average Accuracy of 8-Hour Peak Ozone Concentration

for Sites in the EAC Areas; August-September 1999 Episode

Site-specific average accuracy

9-cell site-specific average accuracy of

Site of the 8-hour ozone peak (%) the 8-hour ozone peak (%)
Memphis EAC
DeSoto County, MS -10.1% -1.7%
Edmond Orgill Park, TN -11.8% -7.8%
Frayser, TN -14.1% -5.2%
Marion, AR -7.6% 2.8%
Nashville EAC
Cottontown Wright's Farm, TN -21.1% -16.1%
Dickson County, TN -9.3% -5.3%
East Nashville Health Center, TN -18.2% -2.9%
Fairview, TN -9.3% -4.9%
Cedars of Lebanon State Park 3.8% 6.8%
Percy Priest Dam, TN -13.3% -0.1%
Rockland Road, TN -5.1% -0.7%
Rutherford County, TN -14.9% -11.9%
Knoxville EAC
Anderson County, TN -1.6% 4.6%
Cades Cove, TN -3.8% -0.8%
Clingman’s Dome, TN -18.8% -16.7%
Cove Mountain, TN -22.9% -20.7%
East Knox, TN 9.7% -6.5%
Jefferson County, TN -2.0% 2.5%
Look Rock (1), TN -19.5% -14.9%
Look Rock (2), TN -21.1% -16.6%
Spring Hill, TN -23.4% -1.2%
Chattanooga EAC
Chattanooga VAAP, TN -9.6% 0.6%
Sequoyah, TN -9.1% -0.9%
Tri-Cities EAC
Kingsport, TN -2.3% 23.1%
Sullivan County, TN -0.4% 9.6%
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6. Model Performance Evaluation

Table 6-4a.
Model Performance Statistics for 1-Hour Ozone for the June 2001 Base Case Simulation,
for the 36 km UAM-V Modeling Domain (Grid 1)

Shading indicates that the calculated statistical measure is outside the EPA recommended range for acceptable model performance.

Sim. ob'\sA:r)i/.ed sin’;Aua::ted ob'\g:?\?ed sirgjleeltrt]ed aggu‘)rziégif Avg. Norm_alized Normalized | RMS
day ozone ozone o0zone o0zone peak accuracy of bias gross error error

(ppb) (ppb) (ppb) (ppb) (%) peak (%) %) o) (ppb)
6/16 156 123.9 36.0 46.7 -20.6% 12.3% 12.0% 19.0% 129
6/17 100 131.6 447 54.8 31.6% 5.7% 6.4% 15.8% 11.7
6/18 137 147.6 49.4 56.5 1.7% -2.0% 0.7% 15.4% 12.4
6/19 143 146.7 50.1 56.3 2.6% -2.6% -2.4% 17.1% 13.6
6/20 136 160.3 41.0 50.6 17.9% -0.5% -0.7% 21.7% 15.8
6/21 123 158.3 35.9 49.2 28.7% 1.7% 5.0% 23.3% 16.1
6/22 106 132.3 34.6 52.3 24.9% 26.3% 22.8% 28.6% 17.1

Table 6-4b.

Model Performance Statistics for 1-Hour Ozone for the June 2001 Base Case Simulation,
for the 12 km UAM-V Modeling Domain (Grid 2)

Shading indicates that the calculated statistical measure is outside the EPA recommended range for acceptable model performance.

Max. Max. Mean Mean Unpaired Avg. . .
. . . Normalized = Normalized = RMS
Sim. | observed simulated observed simulated = accuracy of = accuracy of bi
ias gross error | error
day ozone ozone ozone ozone peak peak %) %) (opb)
(ppb) (ppb) (ppb) (ppb) (%) (%)
6/16 87 112.7 36.7 46.7 29.5% 12.0% 11.8% 18.2% 115
6/17 100 131.6 457 56.6 31.6% 3.5% 6.3% 15.0% 114
6/18 114 147.6 49.6 58.0 29.5% -2.2% 1.3% 14.3% 11.6
6/19 121 146.7 498 56.7 21.2% -3.2% -1.6% 16.7% 13.8
6/20 119 160.3 443 52.0 34.7% -5.6% -3.3% 21.0% 16.3
6/21 123 158.3 39.7 52.4 28.7% 14.4% 10.3% 24.1% 17.0
6/22 93 132.3 34.1 52.9 42.3% 28.0% 27.8% 29.9% 17.7
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6. Model Performance Evaluation

Table 6-4c.
Model Performance Statistics for 1-Hour Ozone for the June 2001 Base Case Simulation,
for the 4 km UAM-V Modeling Domain (Grid 3)

Shading indicates that the calculated statistical measure is outside the EPA recommended range for acceptable model performance.

Max. Max. Mean Mean Unpaired Avg. . .
. . . Normalized = Normalized RMS
Sim. observed simulated observed simulated = accuracy of = accuracy of bi
ias gross error | error
day ozone ozone ozone ozone peak peak %) %) (opb)
(ppb) (ppb) (ppb) (ppb) (%) (%)
6/16 87 111.6 38.0 49.5 28.3% 14.9% 14.7% 18.8% 11.5
6/17 100 130.9 48.2 59.1 30.9% 2.6% 4.5% 14.6% 10.8
6/18 114 147.6 50.9 61.9 29.5% 4.5% 5.5% 16.4% 13.6
6/19 110 146.7 51.8 57.1 33.3% -4.9% -4.1% 16.7% 14.2
6/20 115 160.3 485 55.4 39.4% -4.2% -2.9% 20.5% 17.0
6/21 108 158.3 42.7 574 46.6% 18.3% 13.6% 24.9% 17.7
6/22 82 127.3 34.3 54,5 55.3% 32.2% 27.9% 30.0% 174
Table 6-5a.

Domain-wide Average Accuracy of 8-Hour Peak Ozone Concentration
for Sites in the EAC Areas; June 2001 Episode

Da Domain-wide average accuracy 9-cell domain-wide average accuracy of
Y of the 8-hour ozone peak (%) the 8-hour ozone peak (%)
18 5.4% 10.2%
19 -1.4% -2.2%
20 -2.0% 6.8%
21 19.1% 25.9%
22 36.8% 42.7%
SAI/ICF Consulting 6-16 Early Action Compact Modeling Analysis

04-012 March 30, 2004



6. Model Performance Evaluation

Table 6-5b.

Site-specific Average Accuracy of 8-Hour Peak Ozone Concentration

for Sites in the EAC Areas; June 2001 Episode

Site-specific average accuracy

9-cell site-specific average accuracy of

Site of the 8-hour ozone peak (%) the 8-hour ozone peak (%)
Memphis EAC
DeSoto County, MS 5.7% 10.8%
Edmond Orgill Park, TN 1.0% 3.7%
Frayser, TN 71.4% 15.4%
Marion, AR 1.3% 7.1%
Nashville EAC
Cedars of Lebanon State Park 0.6% 3.1%
Cottontown Wright's Farm, TN 10.4% 17.2%
East Nashville Health Center, TN 18.4% 38.3%
Fairview, TN 6.2% 8.2%
Percy Priest Dam, TN 6.3% 19.5%
Rockland Road, TN 19.4% 24.4%
Rutherford County, TN 0.5% 3.9%
Knoxville EAC
Anderson County, TN -5.4% 0.1%
Cades Cove, TN 24.4% 27.2%
Clingman’s Dome, TN -7.9% -4.8%
Cove Mountain, TN -9.9% -6.6%
East Knox, TN 6.0% 12.3%
Jefferson County, TN -1.3% 6.6%
Look Rock, TN 1.2% 5.6%
Chattanooga EAC
Chattanooga VAAP, TN 6.2% 13.7%
Meigs County, TN -12.2% -6.5%
Sequoyah, TN 7.1% 12.3%
Tri-Cities EAC
Kingsport, TN -3.6% 4.5%
Sullivan County, TN -8.2% -0.3%
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6. Model Performance Evaluation

Table 6-6a.
Model Performance Statistics for 1-Hour Ozone for the July 2002 Base Case Simulation,
for the 36 km UAM-V Modeling Domain (Grid 1)

Shading indicates that the calculated statistical measure is outside the EPA recommended range for acceptable model performance.

Max. Max. Mean Mean Unpaired Avg. . .
. . . Normalized = Normalized RMS
Sim. observed simulated observed simulated = accuracy of = accuracy of bi
ias gross error | error
day ozone ozone ozone ozone peak peak %) %) (opb)
(ppb) (ppb) (pPb) (pPb) (%) ) PP
714 119 133.8 38.8 44,7 12.4% -0.7% -6.5% 22.8% 17.6
715 128 163.1 38.0 52.6 27.4% 13.9% 8.6% 21.7% 15.7
716 116 170.9 41.9 54.4 47.3% 10.5% 8.9% 22.0% 15.9
717 115 161.2 44.6 56.2 40.2% 6.4% 7.5% 19.5% 14.8
718 135 165.6 474 54.4 22.7% -1.0% -0.9% 19.3% 16.0
719 135 141.8 41.9 53.4 5.0% 4.1% 2.3% 21.1% 16.2
7110 114 140.5 35.2 54.4 23.3% 23.9% 22.0% 28.6% 18.3
Table 6-6b.

Model Performance Statistics for 1-Hour Ozone for the July 2002 Base Case Simulation,
for the 12 km UAM-V Modeling Domain (Grid 2)

Shading indicates that the calculated statistical measure is outside the EPA recommended range for acceptable model performance.

Max. Max. Mean Mean Unpaired Avg. . .
. . . Normalized = Normalized RMS
Sim. observed simulated observed simulated = accuracy of | accuracy of bi
ias gross error | error
day ozone ozone ozone ozone peak peak (%) %) (opb)
(ppb) (ppb) (ppb) (ppb) (%) (%)
714 119 133.8 42.2 45.0 12.4% -6.0% -7.8% 22.8% 18.5
75 128 163.1 455 56.1 27.4% 3.1% 4.5% 19.7% 15.8
716 110 170.9 50.8 56.8 55.3% -1.8% -0.1% 18.3% 15.0
77 111 161.2 50.9 57.0 45.3% 0.2% 1.5% 16.5% 13.1
718 127 165.6 49.3 54.5 30.4% 2.7% -1.6% 18.6% 154
719 128 141.8 43.2 54.2 10.8% 5.6% 5.0% 20.9% 16.0
7110 105 140.5 37.3 54.8 33.8% 18.5% 19.4% 28.2% 18.7
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6. Model Performance Evaluation

Model Performance Statistics for 1-Hour Ozone for the July 2002 Base Case Simulation,

Shading indicates that the calculated statistical measure is outside the EPA recommended range for acceptable model performance.

Table 6-6c¢.

for the 4 km UAM-V Modeling Domain (Grid 3)

Max. Max. Mean Mean Unpaired Avg. . .
. . . Normalized = Normalized = RMS
Sim. | observed simulated observed simulated  accuracy of | accuracy of bi
ias gross error | error
day ozone ozone ozone ozone peak peak (%) %) (ppb)
(Ppb) (Ppb) (ppb) (ppb) (%) (%)
714 119 122.4 43.2 44.7 2.9% 11.3% -11.7% 22.2% 17.9
715 121 163.1 459 57.0 34.8% 57% 4.2% 19.7% 15.7
716 110 170.9 52.2 62.3 55.3% 5.2% 5.8% 18.3% 15.1
07 109 161.2 53.7 59.2 47.9% 2.7% 2.6% 18.3% 14.6
718 110 147.1 49.6 534 33.7% 2.5% -0.7% 18.4% 14.1
719 117 141.8 42.3 54.8 21.2% 11.7% 10.2% 24.3% 18.0
7110 102 140.5 38.2 55.7 37.8% 18.1% 20.2% 27.8% 18.7
Table 6-7a.
Domain-wide Average Accuracy of 8-Hour Peak Ozone Concentration
for Sites in the EAC Areas; July 2002 Episode
Da Domain-wide average accuracy 9-cell domain-wide average accuracy of
Y of the 8-hour ozone peak (%) the 8-hour ozone peak (%)
6 7.1% 12.5%
7 4.7% 9.9%
8 -0.6% 6.0%
9 15.6% 22.8%
10 27.8% 36.3%
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6. Model Performance Evaluation

Table 6-7b.

Site-Specific Average Accuracy of 8-Hour Peak Ozone Concentration
for Sites in the EAC Areas; July 2002 Episode

Site-specific average accuracy

9-cell site-specific average accuracy of

Site of the 8-hour ozone peak (%) the 8-hour ozone peak (%)
Memphis EAC
DeSoto County, MS 5.2% 7.9%
Edmond Orgill Park, TN -8.8% -5.0%
Frayser, TN -3.7% 3.4%
Marion, AR -4.7% -1.0%
Nashville EAC
Cottontown Wright's Farm, TN -2.1% 4.4%
East Nashville Health Center, TN 37.0% 56.6%
Fairview, TN 14.1% 21.3%
Cedars of Lebanon State Park 17.0% 23.3%
Percy Priest Dam, TN 32.3% 45.9%
Rockland Road, TN 18.7% 24.2%
Rutherford County, TN -2.6% -1.2%
Knoxville EAC
Anderson County, TN -1.4% 2.1%
Cades Cove, TN 25.2% 29.1%
Clingman’s Dome, TN -12.5% -9.0%
Jefferson County, TN -4.8% -0.1%
Knox County, TN -5.1% 0.9%
Knoxville, TN -6.2% 0.3%
Look Rock, TN -4.6% 0.8%
Sevier County, TN -9.9% -4.9%
Chattanooga EAC
Chattanooga VAAP, TN 4.6% 12.5%
Meigs County, TN -10.0% -1.9%
Sequoyah, TN 4.5% 10.5%
Tri-Cities EAC
Kingsport, TN -4.0% 7.5%
Sullivan County, TN -5.2% 0.5%
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6. Model Performance Evaluation

Table 6-8.
Site-specific Average Accuracy of 8-Hour Peak Ozone Concentration
for Sites in the EAC Areas; All Episodes Combined, Excluding Startup Days

Site Site-specific average accuracy 9-cell site-specific average accuracy of
of the 8-hour ozone peak (%) the 8-hour ozone peak (%)

Memphis EAC
DeSoto County, MS -1% 4%
Edmond Orgill Park, TN -7.9% -4.2%
Frayser, TN -6.1% 2.1%
Marion, AR -4.6% 2.9%
Nashville EAC
Cedars of Lebanon State Park 6.6% 10.4%
Cottontown Wright's Farm, TN -8.8% -3.0%
Dickson County, TN -9.3% -5.3%
East Nashville Health Center, TN 4.1% 21.4%
Fairview, TN 0.4% 4.9%
Percy Priest Dam, TN 2.8% 16.2%
Rockland Road, TN 7.0% 11.8%
Rutherford County, TN -8.4% -5.8%
Knoxville EAC
Anderson County, TN -2.3% 3.0%
Cades Cove, TN 8.9% 11.9%
Clingman’s Dome, TN -14.5% -11.8%
Cove Mountain, TN -16.4% -13.2%
East Knox, TN -4.6% 0.1%
Jefferson County, TN -2.6% 2.9%
Look Rock (1), TN -10.6% -5.8%
Look Rock (2), TN -21.1% -16.6%
Spring Hill, TN -17.7% -4.7%
Chattanooga EAC
Chattanooga VAAP, TN -2.5% 6.5%
Meigs County, TN -11.0% -3.9%
Sequoyah, TN -2.1% 4.9%
Tri-Cities EAC
Kingsport, TN -3.1% 13.6%
Sullivan County, TN -3.9% 4.3%
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6. Model Performance Evaluation

Figure 6-1a.
Daily Maximum 1-Hour Ozone, Grid 1,
August 29, 1999

+ MAXIMUM = 110.2 ppb

LEVEL 1 Ozone (ppb)
— MINIMUM = 26.6 ppb

Time: 0—2400 August 29, 1999 Deg Longitude
—-98.41 —93.41 —88.41 —83.41 —78.41

T
36.62 T
e
e}
«
-
ab
[}
(o]
32.62
R P
o \\\\\\§ 28.62
0 10 20 30 40 )

Daily Maximum 03, August 29, 1999
UAMV Run —— ATMOS—Run08r2

Grid cf

Early Action Compact Modeling Analysis

SAI/ICF Consulting 6-22
March 30, 2004

04-012



6. Model Performance Evaluation

Figure 6-1b.
Daily Maximum 1-Hour Ozone, Grid 1,
August 30, 1999
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6. Model Performance Evaluation

Figure 6-1c.
Daily Maximum 1-Hour Ozone, Grid 1,
August 31, 1999

LEVEL 1 Ozone (ppb) + MAXIMUM = 125.1 ppb
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6. Model Performance Evaluation

Figure 6-1d.
Daily Maximum 1-Hour Ozone, Grid 1,
September 1, 1999
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6. Model Performance Evaluation

Figure 6-1le.
Daily Maximum 1-Hour Ozone, Grid 1,
September 2, 1999

+ MAXIMUM = 168.0 ppb

LEVEL 1 Ozone (ppb)
— MINIMUM = 13.4 ppb
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6. Model Performance Evaluation

Figure 6-1f.
Daily Maximum 1-Hour Ozone, Grid 1,
September 3, 1999

LEVEL 1 Ozone (ppb) + MAXIMUM = 155.8 ppb

Time: 0—-2400 September 3, 1999Deg Longitude — MINIMUM = 14.3 ppb
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6. Model Performance Evaluation

Figure 6-19.
Daily Maximum 1-Hour Ozone, Grid 1,
September 4, 1999

LEVEL 1 Ozone (ppb) + MAXIMUM = 172.7 ppb
Ti : 0—2400 Sept b 4, 1999 . — MINIMUM = 20.7 ppb
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6. Model Performance Evaluation

Figure 6-1h.
Daily Maximum 1-Hour Ozone, Grid 1,
September 5, 1999

LEVEL 1 Ozone (ppb) + MAXIMUM = 132.8 ppb
Time: 0—-2400 September 5, 1999 — MINIMUM = 23.5 ppb
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6. Model Performance Evaluation

Figure 6-1i.
Daily Maximum 1-Hour Ozone, Grid 1,
September 6, 1999
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6. Model Performance Evaluation

Figure 6-1j.
Daily Maximum 1-Hour Ozone, Grid 1,
September 7, 1999
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6. Model Performance Evaluation

Figure 6-1k.
Daily Maximum 1-Hour Ozone, Grid 1,
September 8, 1999

+ MAXIMUM = 151.0 ppb
— MINIMUM = 13.2 ppb

LEVEL 1 Ozone (ppb)
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6. Model Performance Evaluation

Figure 6-1I.
Daily Maximum 1-Hour Ozone, Grid 1,
September 9, 1999

LEVEL 1 Ozone (ppb) + MAXIMUM = 202.3 ppb
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6. Model Performance Evaluation

Figure 6-2a.
Daily Maximum 1-Hour Ozone, Grid 3,
August 29, 1999

LEVEL 1 Ozone (ppb) + MAXIMUM = 107.9 ppb

Time: 0—2400 August 29, 1999 Deg Longitude — MINIMUM = 31.6 ppb
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6. Model Performance Evaluation

Figure 6-2b.
Daily Maximum 1-Hour Ozone, Grid 3,
August 30, 1999

LEVEL 1 Ozone (ppb) + MAXIMUM = 126.8 ppb

Time: 0—2400 August 30, 1999 Deg Longitude — MINIMUM = 48.3 ppb
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6. Model Performance Evaluation

Figure 6-2c.
Daily Maximum 1-Hour Ozone, Grid 3,
August 31, 1999

LEVEL 1 Ozone (ppb) + MAXIMUM = 119.3 ppb

Time: 0—2400 August 31, 1999 Deg Longitude — MINIMUM = 45.9 ppb
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6. Model Performance Evaluation

Figure 6-3d.
Daily Maximum 1-Hour Ozone, Grid 3,
September 1, 1999

LEVEL 1 Ozone (ppb) + MAXIMUM = 151.5 ppb
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6. Model Performance Evaluation

Figure 6-3e.
Daily Maximum 1-Hour Ozone, Grid 3,
September 2, 1999

LEVEL 1 Ozone (ppb) + MAXIMUM = 168.0 ppb
Deg. Longitude

Time: 0—2400 September 2, 1999 — MINIMUM = 18.5 ppb
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6. Model Performance Evaluation

Figure 6-3f.
Daily Maximum 1-Hour Ozone, Grid 3,
September 3, 1999
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